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(54) Vertically-aligned (VA) liquid crystal dis| 

(57) A vertically alignment mode liquid crystal dis- 
play device having an improved viewing angle charac- 
teristic is disclosed. The disclosed liquid crystal display 
device uses a liquid crystal having a negative aniso- 
tropic dielectric constant, and orientations of the liquid 
crystal are vertical to substrates (12,13) when no volt- 
age being applied, almost horizontal when a predeter- 

Fig.9A Fig.9B Fig.9C 




device 

mined voltage is applied, and oblique when an 
intermediate voltage is applied. At least one of the sub- 
strates includes a structure (20) as domain regulating 
means, and inclined surfaces of the structure operate 
as a trigger to regulate azimuths of the oblique orienta- 
tions of the liquid crystal when the intermediate voltage 
is applied. 
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Description 

The present invention relates to a liquid crystal display (LCD), and more particularly to a vertically-aligned (VA) 

LCD Among flat-panel displays enjoying image quality equivalent of the one offered by the CRT. it is a liquid crystal dis- 
play (LCD) that has been most widely adopted nowadays. In particular, a th,n-f ,lm transistor (TFT) type LCD (TFT LCD) 
Sas been adapted to public welfare-related equipment such as a personal computer, word processor. ^ OA ew- 
me^and home electric appliances including a portable television set. and expected to further expand its market 
Accordingly, there is a demand for further improvement of image quality. A descriptor will be made by tatang the TFT 
LCDfoHnstance However, the present invention is not limited to the TFT LCD but can apply to a simple matrix LCD. a 
oSma TcSSg ZTlCO and so forth. Generally, the present invention is applicable to LCDs wh.ch include liquid 
^££SZ between a pair of substrates on which electrodes are respectively formed and carry out displays by 

aPPl S^ 

nematic (TN) LCD The technology of manufacturing the TN TFT LCD has outstandingly advanced in recent years. 
^^.Sr^ucWBy^d by the TN TFT LCD have surpassed ^^V^S^ ™ 
TN LCD has a critical drawback of a narrow viewing angle range. This poses a problem that the application of the 1 N 

LCD ,n S an m St to solve these problems. Japanese Examined Patent Publication Nos. 53-48452 and 1-120528 have 

nrrvnncpH An LCD adootina a mode referred to as an IPS mode. 

P Tc^ever the IPS mode suffers from s.ow switching. At present, when a motion picture representing a » 
is displayed/drawbacks inc.uding a drawback that an image streams take place. In an actual panel, 
mproving the response speed, the alignment film is not rubbed parallel to the electrodes but rubbed "^ecjon 
shS 5 about 15°. However, even when the direction of rubbing is thus shifted, since the response time permitted by 
SpS madeta twice longer than the one permitted by the TN mode, the response speed is very low. Moreover, when 

ubbfnt IrrfedoJ in the direction shifted by about 1 5°. a viewing angle characteristic of a panel does not become 
urSform befwee^the right and left sides of the panel. Gray-scale reversal occurs relative to a specified vewing angle. 

ATmeSned above, the IPS mode that has been proposed as an alternative for solving the proUem on , the , v.e* ng 
analfchTracSc of the TN mode has the problem that the characteristics offered by the IPS mode other than the 
Z£££?£Z^ are insufficient. A vertically-aligned (VA) mode using a vertical alignment f.ln , has beer , pro- 
Dosed The VA mode does not use a rotary polarization effect which is used m the TN mode, but uses a birefnngent 
S^^^eLt The VA mode is a mode using a negative iiquid crystal materia, and vert,ca Mm. 
When no voltage is applied, liquid crystalline molecules are aligned in a vert.cal d.rect.on and black display appears^ 
W a prSrmined'voltage'is applied, the liquid crystaHine molecules are alignej ina «, dijec ™ £££ 
disolav appears A contrast in display offered by the VA mode .s higher than that offered by the TN mode A response 
S is a^ higher, and an excellent viewing angle characteristic is provided for white display and black display The 

VA mode is therefore attracting attention as a novel mode for a liquid crystal display. hlomtha , 

Heeler the VA mode has the same problem as the TN mode concerning halftone d.splay. that ,s, a Problem that 
the lEensity of display varies depending on the viewing angle. The VA mode provides a much higher contrast ten 

he ™ nSrand is superior to the TN mode in terms of a viewing angle characteristic concermng a viewing angle or 
r^^^IeM^ because even when no voltage is applied, liquid crystalline molecules .nw en i^ 
film aligned nearly vertically. However, the VA mode is inferior to the IPS mode .n terms of the vew.ng angle char- 

aCte 5fs iC known that viewing angle performance of a liquid crystal display device (LCD) in the TN mode can be improved 
by set^ng ^t^e orient^n Lotions of the liquid crystalline mo.ecu.es inside pixels to a plurality of mutually afferent 
Sections Gene aHy the orientation direction of the liquid crystalline molecules (pre-tilt angles) wh,ch keep contad wrth 
a subsfrate ^urSce n the TN mode are restricted by the direction of a rubbing treatment applied to the alignment f ,lnv 
Th fnSng treatment is a processing which rubs the surface of the alignment film in one d.rection by a cloth such as 

S^ISS^*- ™^ ies are ° rientated in the rubbing directioa There,ore ' v,ewin9 ang performance 

ran be imnroved bv making the rubbing direction different inside the pixels. 

TnoughThfrutoing treatment has gained a wide application, it is the treatment that rubbs and consequently, dam- 
aaes the surface of the alignment film and involves the problem that dust is likely to occur. 

A method which forms a concavo-convex pattern on an electrode is known as another method of restricting the pre- 
tilt angle of meTiquVd crystalline molecules in the TN mode. The liquid crystaHine mo.ecu.es ,n the pro.mity of the e.ec- 
troHpc: arp orientated alonq the surface having the concavo-convex pattern. 

nto!^XSa^ performance of a liquid crystal display device in the VA mode can be improved by 
sJ^^^S^^a Sie liquid crystalline molecules inside pixels to a plurality of mutually afferent d.rec- 
^Z^SSS^i Patent Publication (Kokai) No. 6-301036 discloses a LCD in which apertures are provided 
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on a counter electrode. Each aperture faces a center of a pixel electrode and oblique electric fields are generated at a 
center of each pixel. The orientation directions of the liquid crystalline molecules inside each pixel are divided into two 
or four directions due to the oblique electric fields. However, the LCD disclosed in Japanese Unexamined Patent Publi- 
cation (Kokai) No 6-301036 has a problem that its response (switching) speed is not enough, particularly, a response 
speed for transition from a state in which no voltage is applied to a state in which a voltage is applied is slow. A cause 
of this problem is presumed that no oblique electric field exists when no voltage is applied between the electrodes Fur- 
ther because a length of each area having continuously oriented liquid crystalline molecules in each pixel is a half of a 
pixel size a time for all liquid crystalline molecules in each area to be oriented in one direction becomes long. 

Further Japanese Unexamined Patent Publication (Kokai) No. 7-199193 discloses a VA LCD in which slopes hav- 
ing different directions are provided on electrodes and the orientation directions of the liquid crystalline molecules inside 
each pixel are divided. However, according to the disclosed constitutions, the vertical & ^ nm&n }™™ 
slopes are rubbed therefore, the VA LCD disclosed in Japanese Unexamined Patent Publication (Kokai) No-7-199193 
also has the above-mentioned problem that dust is likely to occur. Further, according to the disclosed constitutions, the 
size of the slopes is a half of the pixel, therefore, all liquid crystalline molecules faces the slopes are inclined, a good 
black display cannot be obtained. This causes a reduction of contrast. Further, inclination angles of the slopes are small 
because two or four slopes are provided across each pixel. It is found that the gentle slopes cannot fully define the ori- 
entation directions of the liquid crystalline molecules. In order to realize steep slopes, it is necessary to increase a thick- 
ness of a structure having slopes. However, when the thickness of the structure becomes large, charges accumulated 
on the structure becomes large. This causes a phenomenon that the liquid crystalline molecules do not change their 
orientations when a voltage is applied due to the accumulated charges. This phenomenon is so-called a burn. 

As described above, there are some problems to realize a division of orientation directions of the liquid crystalline 
molecules for improving the viewing angle performance in the VA LCD. 

It is desirable to improve a viewing angle characteristic of a VA liquid crystal display, and to realize a VA liquid crys- 
tal display exhibiting a viewing angle characteristic that is as good as the one exhibited by the IPS mode or better than 
it while permitting the same contrast and operation speed as the conventional liquid crystal displays. 

According to an embodiment of the present invention, in the VA mode employing a conventional vertical alignment 
film and adopting a negative liquid crystal as a liquid crystal material, a domain regulating means is included for regu- 
lating the orientation of a liquid crystal in which liquid crystalline molecules are aligned obliquely when a voltage is 
applied so that the orientation will include a plurality of directions within each pixel. The domain regulat.ng means is pro- 
vided on at least one of the substrates. Further, at least one of domain regulating means has inclined surfaces (slopes). 
The inclined surfaces include surfaces which are almost vertical to the substrates. Rubbing need not be performed on 

"in the VA LCcTdlvS. when no voltage is applied, in almost all regions of the liquid crystal other than the protru- 
sions liquid crystalline molecules are aligned nearly vertically to the surfaces of the substrates. The liquid crystalline 
molecules near the inclined surfaces also orientates vertically to the inclined surfaces, therefore, the liquid crysta line 
molecules are inclined. When a voltage is applied, the liquid crystalline molecules tilt according to an electric field 
strength. Since the electric fields are vertical to the substrates, when a direction of tilt is not defined by carrying out rub- 
bing the azimuth in which the liquid crystalline molecules tilt due to the electric fields includes all directions of 360 If 
there are pre-tilted liquid crystalline molecules, surrounding liquid crystalline molecules are tilted in the directions of the 
pre-tilted liquid crystalline molecules. Even when rubbing is not carried out, the directions in which the liquid crystalline 
molecules lying in gaps between the protrusions can be restricted to the azimuths of the liquid crystalline molecules m 
contact with the surfaces of the protrusions. When a voltage is increased, the negative liquid crystalline molecules are 
tilted in directions vertical to the electric fields. 

As mentioned above, the inclined surfaces fill the role of a trigger for determining az.muths in which the liquid crys- 
talline molecules are aligned with application of a voltage. The inclined surfaces need not have large area. With small 
inclined surfaces, when no voltage is applied, the liquid crystalline molecules in almost all the regions of the liquid-crys- 
tal layer except the inclined surfaces are aligned vertically to the surfaces of the substates. Th.s can result in a nearly 
perfect black display. Thus, a contrast can be raised. 

Reference will now be made, by way of example, to the accompanying drawings, in which: 

Fias 1 A and 1 B are diagrams for explaining a panel structure and an operational principle of a TN LCD; 

Fi g s ; 2A to 2C are diagrams for explaining a change of viewing according to a change of viewing angle in the TN 

LCD; 

Figs. 3A to 3D are diagrams for explaining an IPS LCD; e » a i Hieniav 

Fig. 4 is a diagram giving a definition of a coordinate system employed in studying v.ew.ng of a liquid crystal display 
as an example of the IPS LCD; 

Fig 5 is a diagram showing a gray-scale reversal areas in the IPS LCD; , .- , 

Figs. 6A and 6B are diagrams showing examples of changes in display luminance levels of display in relation to the 
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polar angle; 

Figs. 7A to 10 are diagrams for explaining a VA LCD and problems thereof; 

Figs. 8A to 8C are diagrams for explaining rubbing treatment; 

Figs. 9A to 9C are diagrams for explaining principles of the present invention; 
5 Figs. 10A to 10C are diagrams for explaining determination of an orientation by protrusions; 

Figs, 1 1 A to 1 1C are diagrams showing examples of the protrusions; 

Figs. 12A to 12C are diagrams showing examples of realizing the domain regulating means; 

Fig 13 is a diagram showing overall configuration of a liquid crystal panel of the first embodiment; 

Figs 1 4A and 14B are diagrams showing the structure of a panel in accordance with a first embodiment; 
10 Fig. 1 5 is a diagram showing the relationship between a pattern of protrusions and pixels in the first embodiment; 

Fig. 16 is a diagram showing the pattern of protrusions outside a display area of the first embodiment; 

Fig 1 7 is a sectional view of the LCD panel of the first embodiment; 

Figs. 18A and 18B are diagrams showing the position of a liquid-crystal injection port of the LCD panel of the first 

embodiment; x . . . , 

is Fig. 19 is a diagram showing contours of protrusions fn a prototype of the first embodiment defined by performing 
measurement using a tracer type coating thickness meter; 

Figs. 20A and 20B are diagrams indicating a change in response speed according to a change of spacing between 
protrusions in the panel of the first embodiment; 

Fig. 21 is a diagram indicating a change in switching speed according to a change of spacing between protrusions 
20 in the panel of the first embodiment; 

Fig. 22 is a diagram showing a viewing angle characteristic of the panel of the first embodiment; 

Figs 23A to 23C are diagrams showing changes in display luminance levels of the panel of the first embodiment; 

Figs 24A and 24B are diagrams showing changes in display luminance levels of the panel of the first embodiment; 

Fig. 25 is a diagram showing a viewing angle characteristic of the panel of the first embodiment having a phase- 
25 difference film; 

Figs. 26A to 26C are diagrams showing changes in display luminance levels of the panel of the first embodiment 
having a phase-difference film; 

Fig. 27 is a diagram for explaining occurrence of light leakage near the protrusions; 
Fig. 28 is a diagram showing a change in transmittance according to a change of applied voltage; 
30 Fig 29 is a diagram showing a change in contrast ratio according to a change of applied voltage; 

Fig. 30 is a diagram showing a change in transmittance of white display according to a change of height of protru- 
sions in the panel of the first embodiment; 

Fig. 31 is a diagram showing a change in transmittance of black display according to a change of height of protru- 
sions in the panel of the first embodiment; 

Fig. 32 is a diagram showing a change in contrast ratio according to a change of height of protrusions in the panel 
of the first embodiment; 

Fig. 33 is a diagram showing a pattern of protrusions of the second embodiment; 
Fig. 34 is a diagram showing a pattern of protrusions of a third embodiment; 
Fig. 35 is a diagram showing a modification of the pattern of protrusions of the third embodiment; 
Fig. 36 is a diagram showing an alignment of liquid crystalline molecules near apices of the protrusions; 
Figs. 37A and 37B are diagrams showing shapes of protrusions of a fourth embodiment; protrusions; 
Figs. 38A and 38B are diagrams showing a structure of a panel of a fifth embodiment; 
Fig 39 is a diagram showing a pattern of slits of a pixel electrode of the fifth embodiment; 
Fig. 40 is a diagram showing an example of alignment of liquid crystalline molecules at a connection of slits; 
45 Fig. 41 is a diagram showing generations of domains in the panel of the fifth embodiment; 
Fig 42 is a diagram showing shapes of protrusions and slits of a sixth embodiment; 

Fig. 43 is a diagram showing generations of domains at corners of the protrusions and slits in the panel of the sixth 
embodiment; 

Fig. 44 is a plan view of pixel portion in a LCD panel of the sixth embodiment; 
50 Fig. 45 is a diagram showing a pattern of pixel electrodes of the sixth embodiment; 
Fig 46 is a sectional view of the LCD panel of the sixth embodiment; 

Fig 47 is a diagram showing a viewing angle characteristic of the panel of the sixth embodiment; 
Figs 48A to 48C are diagrams showing changes in display luminance levels of the panel of the sixth embodiment; 
Figs 49A and 49B are diagrams showing a modification of pattern of pixel electrodes of the sixth embodiment; 
55 Figs. 50A and 50 B are diagrams showing a pattern of pixel electrodes and a structure of a panel of the seventh 
embodiment; 

Fig. 51 is a plan view of pixel portion in a LCD panel of the seventh embodiment; 
Fig. 52 is a diagram showing a structure of a panel of an eighth embodiment; 
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Figs. 53A to 53J are diagrams showing a process for producing a TFT substrate of the eighth embodiment; 
Fig 54 is a diagram showing a pattern of protrusions a panel of a ninth embodiment; 
Fig 55 is a plan view of pixel portion in a LCD panel of the ninth embodiment; 

Fig 56 is a diagram showing a modification of pattern of protrusions of the n ]|* e ™ ,me ^ a n nlortrnria . 
Ss 57A and 57B are diagrams for explaining influences of oblique electric f.elds at edges of an electrode, 
Fin is a diaaram for explaining a problem occurred in a structure using zigzag protrusions, 
Z S V. 2STJ22k> in enlarged form the neighborhood of a portion where a schlieren structure ,s 

observed; , , 

Fig 60 is a diagram showing a region where response speed are reduced , 
Fias 61 A and 61 Bare sectional views of the portions where the response speed is reduced. 
Figs: 62A and 62B are diagrams showing a fundamental arrangement of a protrusion with respect to an edge of 
pixel electrode in a tenth embodiment; 

Fig 63 is a diagram showing an arrangement of protrusions in the tenth embodiment; 
Fig 64 is a detailed diagram showing a distinctive portion of the tenth embodiment; 

Figs. 65A and 65B are diagrams for explaining a change in orientation direction by irrad.at.on of ultraviolet light. 
Fig 66 is a diagram showing a modification of the tenth embodiment; . 
Figs. 67A to 67C are diagrams for explaining desirable arrangements of the protrus.ons and an edge of the pixel 

STSia diagram for explaining desirable arrangements of the depressions and an ^J^^jT^L, 
Figs. 69A and 69B are diagrams showing desirable arrangements of the protruaons and edges of the pixel elec 

Fias 70A and 70B are diagrams showing a pattern of protrusions of a eleventh embodiment; 

Fia 71 is a diagram showing an example in which discontinuous protrusions are provided in each pixel; 

Fig 72 is a diagram showing shapes of the pixel electrodes and protrusions of a twelfth embodiment 

F?g. 73 is a diagram showing a modification of shapes of the pixel electrodes and protrus.ons of a twelfth embodi- 

Fig^ is a diagram showing a modification of shapes of the pixel electrodes and protrusions of a twelfth embodi- 

Fig^S is a diagram showing a pattern of protrusions of a thirteenth embodiment; 
m Pins 76A and 76B are sectional views of the third embodiment; 

Figs 77A and 77B are diagrams showing an operation of a storage capacitor (CS) and a structure of electrode^ 
pigs. 78A and 78B are diagrams showing an arrangement of protrusions and CS electrodes of a fourteenth embod- 

Rgr^A and 79B are diagrams showing an arrangement of slits and CS electrodes of a modification of the four- 

35 FigfsOA 53 80B are diagrams showing an arrangement of protrusions and CS electrodes of an another modif i- 

^A^^CS'SU an arrangement of protrusions and CS electrodes of an another modifi- 

cation of the fourteenth embodiment; 
ao Pin 82 is a diaaram showing a pattern of protrusions of the fifteenth embodiment; 

Figs ®83A to X > Tre diagrams for explaining alignment changes of the liquid crystalline molecules ,n the f rfteenth 

F? Sciagram showing a viewing angle characteristic of the panel of the fifteenth embodiment; 

Hgs 85A to 85D are diagrams showing changes of response times between gray-scale levels in the frfteenth 

" SJ^^SSS: arrangement of protrusions of a mediation of the fifteenth embodi- 

SrS? is a diaaram showing an arrangement of protrusions of another modification of the fifteenth embodiment; 
Fta" 88 s a d aS am Sow ng an arrangement of protrusions of another modification of the fifteenth embod.men ; 
F J 8 a d a Sn an arrangement of protrusions of another modificat^n of the fifteenth embod.men,; 
Figs 90A and 90B are diagrams showing a structure of protrusions of a sixteenth embodiment. 
Fig. 91 is a diagram showing an arrangement of protrusions of the sixteenth en*^.men ; 
Figs 92A and 92B are diagrams showing a structure of a panel of a seventeenth embod.ment. 
Fig 93 is a diagram showing a structure of a panel of a eighteenth embod.ment; 
Fig 94 is a diagram showing a structure of a panel of a nineteenth embod.ment; 
Fia 95 is a diagram showing a structure of a panel of a twentieth embodiment; 
F a 96 is a d ag am showing a structure of a panel of a modification of the twentieth embodiment; 
Fig! 97 1 a diagram Showing a structure of a panel of another modification of the twentieth embodiment; 
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Fig. 98 is a diagram showing a structure of a panel of another modification of the twentieth embodiment; 

Figs 99A and 99B are diagrams showing a structure of a panel of a 21st embodiment; 

Figs 100A and 100B are diagrams for explaining an influence of an assembly error to the alignment division, 

Figs. 101 A and 101 B are diagrams showing a structure of a panel of a 22nd embodiment; 
5 Fig 102 is a diagram showing a structure of a panel of a 23rd embodiment; 

Fiqs 103A and 103B are diagrams showing a structure of a panel of a 24th embodiment; 

Rg 104 is a diagram showing a pattern of protrusions to which the structure of the 24th embodiment ,s applied. 

Figs 1 05A and 1 05B are diagrams showing a structure of a panel of a 25th embodiment; 

Fig. 106 is a diagram showing a structure of a panel in which a relationship of response time with respect to a gap 
10 length between protrusions is measured; 

Fiq 107 is a diagram showing the relationship of response time with respect to the gap length,. 

Figs. 108A and 108B are diagrams showing a relationship of a transmittance with respect to a gap between protru- 

Figs S 109A and 109B are diagrams showing an operational principle of the 25th embodiment; 
75 Fig 1 10 is a diagram showing a structure of a panel of a 26th embodiment; 

Fig. 1 11 is a diagram showing a viewing angle characteristic of the panel of the 26th embodiment; 
Fig. 1 1 2 is a diagram showing a pattern of protrusions of normal types; . , . 4 . ,. , iiH „ ri/ctal . 
Fig. 1 1 3 is a diagram showing wavelength dispersion characteristic of the optical an.sotropy of the liquid crystal, 
Fig 1 14 is a diagram showing a pattern of protrusions of a 27th embodiment; 
Fig. 1 15 is a diagram showing a relation between an applied voltage and transmittance; 
Fig. 1 16 is a diagram showing a pattern of protrusions of a 28th embodiment; 
Fig. 1 1 7 is a diagram showing a pattern of protrusions of a 29th embodiment; 
Fig. 1 18 is a diagram showing a pixel structure of the 29th embodiment; 
Fig 11 9 is a diagram showing shapes of protrusions of a 30th embodiment; 

Fig 120 is a diagram showing a change of transmittance according to a change of height of protrusions; 
Fiq 1 21 is a diagram showing a change of a contrast ratio according to a change of height of protrusions; 
F\g. 122 is a diagram showing a change of transmittance in white level according to a change of he.ght of protru- 

Fig"^ is a diagram showing a change of transmittance in black level according to a change of height of protru- 

fST 1 24 A and 1 24B are diagrams showing pixel structures of an modification of the 30th embodiment; 

Fias 1 25A and 1 25B are diagrams showing shapes of protrusions of a 31 st embodiment; 

Fig. 126 is a diagram showing a relationship between a twisted angle and a thickness of liquid crystal layer ,n a 

35 Rg^l isa dfagSm showing a relationship between a relative luminance of white level and a retardation of liquid 
crystal in the panels of the VA LCD and TN LCD; 

Fig. 128 is a diagram showing relationships between transmittances and a retardation of liquid crystal at respectrve 

wavelengths in the panel of the VA LCD; ™ rt „i; wci 
Fig. 129 is a diagram showing relationships between response times and a gap between protrusions at respect.ve 

40 wavelenqths in the panel of the VA LCD; 

Fig. 130 is a diagram showing relationships between an aperture ratio and a gap between protrusions at respective 

wavelengths in the panel of the VA LCD; 

Fig 131 is a diagram showing a structure of a panel of a 32nd embodiment; 
Fig 132 is a diagram showing a structure of a panel of a modification of the 32nd embodiment; 
45 Fig 1 33 is a diagram showing a structure of a TFT substrate of a 33rd embodiment; 

Figs. 134A and 134B are diagrams showing a pattern of protrusions of the 33rd embodiment; 
Fig 135 is a diagram showing a structure of a panel of a 34th embodiment; 
Fias 1 36A and 1 36B are diagrams showing a pattern of protrusions of the 34th embodiment ; 
Figs 1 37A to 137D are diagrams showing a process for producing a TFT substrate of the 35th embodiment; 
Fiq 1 38 is a diagram showing a structure of a TFT substrate of the 35th embodiment; 
Figs 139A to 139E are diagrams showing a process for producing a TFT substrate of the 36th embodiment; 
Figs 140A and 140B are diagrams for explaining a problem of dielectric substance on an electrode; 
Fias 141 A and 141B are diagrams showing a structure of protrusions of a 37th embodiment; 
Figs 142A to 142E are diagrams showing a process for producing protrusions of the 37th embodiment; 
Fig 1 43 is a diagram showing a structure of protrusions of a 38th embodiment; 
Figs 1 44A and 1 44B are diagrams showing a change of a shape of a protrusion due to baking , 
Rgs. 145A to 145E are diagrams showing a change of the shape of the protrusion according to bak.ng tempera- 
tures; 
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Figs. 146A to 146C are diagrams showing a change of the shape of the protrusion according to a width of the pro- 



RgTwA and 147B are diagrams showing protrusions and a forming condition of the vertical alignment Mm. 
Rot 148A to 148C are diagrams showing an example of a method of forming protrus.ons according to a 39th 

Sb^SaL 148B are diagrams showing an another example of a method of forming protrusions according to 

Sr^raTgrl showing an another example of a method of forming protrusions according to ft. 39th 

„ STJESEkI 1 51 B are diagrams showing changes of a repellent occurrence ratio according to the ultraviolet light 

SgtlsZA to 1 52C are diagrams showing an another example of a method of forming protrusions according to the 

Ffcs. "saTtoTsIb are diagrams showing an another example of a method of forming protrusions according to the 

Ffg^lsS^B are diagrams showing an another example of a method of forming protrusions according to 

Sgs'^sTanllTsBare diagrams showing an another example of a method of forming protrusions according to 

the 39th embodiment; . ... 1Klarvn ccR. 

20 Fia 1 56 is a diagram showing a temperature condition of the method shown in Figs. 1 55A and 1 55B, 

Rgs 157A to157C are diagrams showing an another example of a method of forming protrus.ons accord.ng to the 

F^ISata? Sam showing a structure of a panel of a prior art provided with black matrices; 
Fig 159 is a diagram showing a structure of a panel of a 40th embodiment; 
Fig 160 is a diagram showing a pattern of protrusions of the 40th embodiment; 
Fig. 161 is a diagram showing a shade pattern (black matrices) of a 41th embodiment; 
Fig 162 is a sectional view of a panel of the 41st embodiment; 

Fig. 163 is a diagram showing pixels and a pattern of protrusions of a 42nd embodiment; 
Fin 164 is a diaaram showing a structure of a prior art panel having spacers; 

Figs l65AanTSare diagrams showing structures of panels of a 43rd embodiment anc I an m«U»bon thereof; 
Rgs 166A and 166B are diagrams showing structures of panels of modifications of the 43rd embod.ment, 
Fig 167 is a diagram showing a structure of a panel of a modification of the 43rd embodiment; 
Fias 168Ato168C are diagrams showing a process of a panel of a 44th embodiment; 

Fig 169 is a diagram showing a relationship between a scattered density of spacers and a cell gap .n the 44th 
F^noTa'diagram showing a relationship between a scattered density of spacers and generations of blemishes 
SPIVS' a'nd ^^Blr^IgramJ'showing chemical formulas of crown added to protrusion materials so that the 



Z^tZTz^Z^^ chemical formulas of kryptand add* to protrusion materials so that 
r^TlSZ ™ a^gSms" 2o structures of CF substrates of a 45th embodiment and a mediation 

Ra' m is a diagram showing a structure of a panel of a 46th embodiment; „. ( . .. 46th 

Rgs 175A and 175B are diagrams showing structures of CF substrates of another modifications of the 46th 

F^ISTand 176B are diagrams showing structures of CF substrates of another modifications of the 46th 

F Ss.l7 m 7A n and 177B are diagrams showing structures of CF substrates of another modWications of the 46th 

F^sTadiagram showing a structure of a panel of an another modification of the 46th embodiment; 

Rgs 179A and 179B are diagrams showing structures of CF substrates of another modrfications of the 46th 

SlSrand 180B are diagrams showing structures of CF substrates of another modifications of the 46th 

55 fS°5!TE> 181G are diagrams showing a process for forming protrusions on the CF substrate according to a 

47th embodiment; „ ^ . 

Fig. 182 is a diagram showing a structure of a panel of the 47th embodiment; 
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Figs. 1 83A and 1 SOB are diagrams showing a process for forming black matrices of the CF substrate according to 
a 48th embodiment; 

Figs 1 84A and 1 84B are diagrams showing a structure of a panel of the 48th embodiment; 

f£ 185A to 185C are diagrams showing a process for forming protrusions on the CF substrate accord.ng to a 

49th embodiment; 

Fiq 186 is a diagram showing a structure of a panel of the 49th embodiment; 

Fig. 187 is a diagram showing a process for forming protrusions on the CF substrate according to a 50th embod- 

Figs' 1 88A and 1 88B are diagrams showing a structure of a panel of the 50th embodiment; 

Fig 189 is a diagram showing a structure of a CF substrate of a 51th embodiment; mh ^ lmonf . 

Figs 190A and ?90B are diagrams showing structures of CF substrates of modif.cations of the 51th embodiment, 

Fiq 191 is a diagram showing structures of CF substrates of modifications of the 51th embodimen ; 

Fiq 192 is a diagram showing structures of CF substrates of modifications of the 51th embodiment; 

Fig 1 93 is a diagram showing a structure of a panel of an another modification of the 50th embodiment; 

Rg'. 194 is a diagram showing an example of a product employing the LCD in accordance with the present ,nven- 

tion; . 

Fiq 1 95 is a diagram showing a structure of the product shown in Fig. 1 97; 

Figs 196A and 196B are diagrams showing examples of arrangements of the protrusions in the product; 

Fig. 197 is a flowchart showing a process of a panel according to the present invention; 

Fig 198 is a flowchart showing a process of forming protrusions; 

Fig 1 99 is a diagram for explaining a process of forming protrusions by printing; 

Fig. 200 is a diagram showing the configuration of a liquid-crystal injection apparatus; 

Figs. 201 A and 201 B are diagrams showing examples of the positions of liquid-crystal injection ports of the LCD 

Rgs el 202A and 202B are diagrams showing examples of the positions of liquid-crystal injection ports of the LCD 

HgT^oaA and 203B are diagrams showing examples of the positions of liquid-crystal injection ports of the LCD 

Rg"1o4 is a diagram showing a structure of electrodes near the liquid-crystal injection port in the panel of the 

fS 8 205A toSc are diagrams for explaining a defect due to contamination by polyurethane resin and skin in the 

Fig.^oe'is a diagram showing a relationship between a size of polyurethane resin particulate and a size of defective 

Fig 3 207 is a diagram showing a simulation result of a relationship between a display frequency and an effective 
voltage at respective specific resistances; 

Fiq 208 is a diagram showing a simulation result of a discharge time at respecfve specrf.c resistances, 
Fig 209 is a diagram showing a simulation result of a discharge time at respective specrf.c resistances; 
Fig 210 is a diagram showing a fundamental constitution of the prior art VA LCD; 
Fig 21 1 is a diagram showing a viewing angle characteristic (contrast ratio) of the prior art VA LCD. 
Fig. 212 is a diagram showing a viewing angle characteristic (gray-scale reversal) o the prior arT VA JLCD 
Fiq 213 is a diagram showing a fundamental constitution of the panel of accord.ng to the present invention, 
Fia' 214 is a diagram showing a viewing angle characteristic (contrast ratio) of present invention; 
Fig\ 215 is a diagram showing a viewing angle characteristic (gray-scale reversal) of present invention; 
Fig 216 is a diagram for explaining characteristics of a retardation film; 

Fig. 21 7 is a diagram showing a constitution of a panel of a 52nd embodiment; aiT * wv<lmorrt . 

Fig. 218 is a diagram showing a viewing angle characteristic (gray-scale reversa of he 52nd embod men 

Fig 219 is a diagram showing a viewing angle characteristic (gray-scale reversal) of the 52nd embodiment 

Z 220 is a diagram showing a relationship of a polar angle at which a predetermmed value of contrast can be 

obtained with respect to a retardation in the 52nd embodiment; 

Fia 221 is a diagram showing a constitution of a panel of a 53rd embodiment; 

F q 222 s a diagram showing a viewing angle characteristic (gray-scale reversal) of the 52rd embodimen ; 
P g SI s a d ag am showing a viewing angle characteristic (gray-scale reversal) of the 52rd embodimen ; 
Rg. IS is a dTagram showing a relationship of a polar angle at which a predetermmed value of contrast can be 
obtained with respect to a retardation in the 53rd embodiment; 

Fig 225 is a diagram showing a constitution of a panel of a 54th embodiment; .... rnntra<;t be 
Rg. 226 is a diagram showing a relationship of a polar angle at which a predetermmed value of contrast can be 
obtained with respect to a retardation in the 54th embodiment; 
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Fig. 227 is a diagram showing a change of an upper limit to the optimum condition regarding contrast with respect 
to a retardation in the 54th embodiment; 

Fig. 228 is a diagram showing a change of a polar angle at which no gray-scale reversal is generated with respect 
to a retardation in the 54th embodiment; 

Fig. 229 is a diagram showing a change of an upper limit to the optimum condition regarding gray-scale reversal 
with respect to a retardation in the 54th embodiment; 

Fig. 230 is a diagram showing a viewing angle characteristic (gray-scale reversal) of the 55th embodiment; 
Fig. 231 is a diagram showing a viewing angle characteristic (gray-scale reversal) of the 55th embodiment; 
Fig. 232 is a diagram showing a constitution of a panel of a 56th embodiment; 

Fig 233 is a diagram showing a viewing angle characteristic (gray-scale reversal) of the 56th embodiment; 

Fig 234 is a diagram showing a viewing angle characteristic (gray-scale reversal) of the 56th embodiment; 

Fig. 235 is a diagram showing a relationship of a polar angle at which a predetermined value of contrast can be 

obtained with respect to a retardation in the 56th embodiment; 

Fig. 236 is a diagram showing a constitution of a panel of a 57th embodiment; 

Fig. 237 is a diagram showing a viewing angle characteristic (gray-scale reversal) of the 57th embodiment; 

Fig 238 is a diagram showing a viewing angle characteristic (gray-scale reversal) of the 57th embodiment; 

Fig. 239 is a diagram showing a relationship of a polar angle at which a predetermined value of contrast can be 

obtained with respect to a retardation in the 57th embodiment; 

Fig. 240 is a diagram showing a constitution of a panel of a 58th embodiment; 

Fig. 241 is a diagram showing a viewing angle characteristic (gray-scale reversal) of the 58th embodiment; 

Fig 242 is a diagram showing a viewing angle characteristic (gray-scale reversal) of the 58th embodiment; 

Fig. 243 is a diagram showing a relationship of a polar angle at which a predetermined value of contrast can be 

obtained with respect to a retardation in the 58th embodiment; 

Fig. 244 is a diagram showing a constitution of a panel of a 59th embodiment; 

Fig. 245 is a diagram showing a viewing angle characteristic (gray-scale reversal) of the 59th embodiment; 
Fig. 246 is a diagram showing a viewing angle characteristic (gray-scale reversal) of the 59th embodiment; 
Fig. 247 is a diagram showing a relationship of a polar angle at which a predetermined value of contrast can be 
obtained with respect to a retardation in the 59th embodiment; 

Fig. 248 is a diagram showing a change of an upper limit to the optimum condition regarding contrast with respect 
to a retardation in the 59th embodiment; 

Fig. 249 is a diagram showing a viewing angle characteristic of a panel of the 32th embodiment; 
Fig. 250 is a diagram showing a change of an ion density when an ion absorption treatment is applied to the pro- 
trusions; 

Figs. 251 A to 251 D are diagrams showing a process of a method of a panel of a modification in the 51st embodi- 
ment; - , , 
Figs. 252A and 252B are diagrams showing a pattern of protrusions and a sectional structure of the panel of the 

second embodiment; 

Fig. 253 is a diagram showing a pattern of protrusions of an another modification of the second embodiment; 
Figs. 254 A and 254B are diagrams showing a pattern of protrusions and a sectional structure of the panel of the 
sixteenth embodiment; 

Fig. 255 is a detailed diagram showing a distinctive portion of a modification of the tenth embodiment. 

Before proceeding to a detailed description of the preferred embodiments of the present invention, a prior art liquid 
crystal display device will be described to allow a clearer understanding of the differences between the present inven- 
tion and the prior art. 

Figs 1 A and 1 B are diagrams for explaining the structure and principles of operation of a panel of the TN LOD. as 
shown in Figs 1 A and 1 B, an alignment film is placed on transparent electrodes 1 2 and 1 3 formed on glass substrates, 
a rubbing treatment is performed so that orientation directions of the liquid crystalline molecules on the two substrates 
are shifted by 90° to each other, and a TN liquid crystal is sandwiched between the transparent electrodes. Due to the 
properties of the liquid crystal, liquid crystalline molecules in contact with the alignment films are aligned in the direc- 
tions of the orientation defined by the alignment films. The other liquid crystalline molecules are aligned in line with the 
aligned molecules. Consequently, as shown in Fig. 1 A. the liquid crystalline molecules are aligned while twisted by 90° 
Two sheet polarizers 11 and 15 are located in parallel with the directions of the orientation defined by the alignment 

f ' lmS When light 10 that is not polarized falls on a panel having the foregoing structure, the light passing through the 
sheet polarizer 1 1 becomes linearly-polarized light and enters the liquid crystal. Since the liquid crystalline molecules 
are aligned while twisted 90°, the incident light is passed while twisted 90°. The fight can therefore pass through the 
lower sheet polarizer 15. This state is a bright state. 
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Next, as shown in Fig. 1 B, when a voltage is applied to the electrodes 12 and 13 and thus applied to the liquid crys- 
talline molecules, the liquid crystalline molecules erect themselves to untwist However, on the surfaces of the align- 
ment films, since an orientation control force is stronger, the orientation of the liquid crystal remains matched with the 
orientation defined by the alignment films. In this state, the liquid crystalline molecules are isotropic relative to passing 

5 light. The linearly-polarized light incident on the liquid-crystal layer will therefore not turn the direction of polarization. 
The linearly-polarized light passing through the upper sheet polarizer 1 1 cannot therefore pass through the lower sheet 
polarizer 15. This brings about a dark state. Thereafter, when a state in which no voltage is applied is resumed, display 
is returned to the bright state owing to the orientation control force. 

The technology of manufacturing the TN TFT LCD has outstandingly advanced in recent years. Contrast and color 

10 reproducibility provided by the TN TFT LCD have surpassed those offered by the CRT. However, the TN LCD has a crit- 
ical drawback of a narrow viewing angle range. This poses a problem that the application of the TN LCD is limited. Figs. 
2A to 2C are diagrams for explaining this problem. Fig. 2A shows a state of white display in which no voltage is applied, 
Fig. 2B shows a state of halftone display in which an intermediate voltage is applied, and Fig. 2C shows a state of black 
display in which a predetermined voltage is applied. As shown in Fig. 2A, in the state in which no voltage is applied. 

15 liquid crystalline molecules are aligned in the same direction with a slight inclination (about 1° to 5°). In reality, the mol- 
ecules are twisted as shown in Fig. 1 A. For convenience' sake, the molecules are illustrated like Fig. 2A. In this state, 
light is seen nearly white in any azimuth. Moreover, as shown in Fig. 2C, in the state in which a voltage is applied, inter- 
mediate liquid crystalline molecules except those located near the alignment films are aligned in a vertical direction. 
Incident linearly-polarized light is therefore seen black but not twisted. At this time, light obliquely incident on a screen 

20 (panel) has the direction of polarization thereof twisted to some extent because it passes obliquely through the liquid 
crystalline molecules aligned in the vertical direction. The light is therefore seen halftone (gray) but not perfect black. As 
shown in Fig. 2B, in the state in which an intermediate voltage lower than the voltage applied in the state shown in Fig. 
2C is applied, the liquid crystalline molecules near the alignment films are aligned in a horizontal direction but the liquid 
crystalline molecules in the middle parts of cells erect themselves halfway. The birefringent property of the liquid crystal 

25 is lost to some extent. This causes a transmittance to deteriorate and brings about halftone (gray) display. However, this 
refers only to light incident perpendicularly on the liquid-crystal panel. Obliquely incident light is seen differently, that is, 
light is seen differently depending on whether it is seen from the left or right side of the drawing. As illustrated, the liquid 
crystalline molecules are aligned mutually parallel relative to light propagating from right below to left above. The liquid 
crystal hardly exerts a birefringent effect. Therefore, when the panel is seen from left, it is seen black. By contrast, the 

30 liquid crystalline molecules are aligned vertically relative to light propagating from left below to right above. The liquid 
crystal exerts a great birefringent effect relative to incident light, and the incident light is twisted. This results in nearly 
white display. Thus, the most critical drawback of the TN LCD is that the display state varies depending on the viewing 
angle. 

In an effort to solve the above problem, Japanese Examined Patent Publication (Kokai) Nos. 53-48452 and 1- 

35 1 20528 have proposed an LCD adopting a mode referred to as an IPS mode. Figs. 3A to 3D are diagrams for explaining 
the IPS LCD. Fig. 3A is a side view of the LCD with no voltage applied, Fig. 3B is a top view thereof with no voltage 
applied, Fig. 3C is a side view thereof with a voltage applied, and Fig. 3D is a top view with a voltage applied. In the IPS 
mode, as shown in Figs. 3A to 3D, slit-like electrodes 18 and 19 are formed in one substrate 1 7, and liquid crystalline 
molecules existent in a gap between the slit-like electrodes are driven with electric fields induced by a transverse elec- 

40 trie wave. A material exhibiting positive dielectric anisotropy is used to make a liquid crystal 14. When no electric field 
is applied, an alignment film is rubbed in order to align the liquid crystalline molecules homogeneously so that the major 
axes of the liquid crystalline molecules will be nearly parallel to the longitudinal direction of the electrodes 18 and 19. 
In the illustrated example, the liquid crystalline molecules are homogeneously aligned with an azimuth of 15° relative to 
the longitudinal direction of the slit-like electrodes in order to make a direction (direction of turn), to which the orientation 

45 of the liquid crystal is changed with application of a voltage, constant. In this state, when a voltage is applied to the slit- 
like electrodes, as shown in Fig. 3C, liquid crystalline molecules existent near the slit-like electrodes change their ori- 
entation so that the major axes thereof will be turned 90° relative to the longitudinal direction of the slit-like electrodes. 
However, since the other substrate 16 is orientationally processed so that liquid crystalline molecules will be aligned 
with an azimuth of 15° relative to the longitudinal direction of the slit-like electrodes, liquid crystalline molecules near 

so the substrate 1 6 are aligned so that the major axes thereof will be nearly parallel to the longitudinal direction of the elec- 
trodes 18 and 19. The liquid crystalline molecules are therefore aligned while twisted from the upper substrate 1 6 to the 
lower substrate 17. In this kind of liquid crystal display, when the sheet polarizers 11 and 15 are placed on and under 
the substrates 16 and 17 respectively so that the axes of transmission thereof will be orthogonal to each other. When 
the axis of transmission of one sheet polarizer is made parallel to the major axes of the liquid crystalline molecules, 

55 black display can be attained with no voltage applied, and white display can be attained with a voltage applied. 

As mentioned above, the IPS mode is characterized in that the liquid crystalline molecules do not erect themselves 
but turned in a transverse direction. In the TN mode or the like, when the liquid crystalline molecules erect themselves, 
the birefringent property of the liquid crystal varies depending on a direction of an viewing angle and a problem occurs. 



11 



EP 0 884 626 A2 



15 



20 



When the liquid crystalline molecules are turned in the transverse direction, the birefnngent property hardly vanes 
Spending S a direction, "mis results in very good viewing angle characteristics. However, the IPS mode has another 
Sems One o, the problems is that a response speed is quite low. The reason why the response speed is low is that 
a mough a gap be ween electrodes in the normal TN mode in which .quid crystalline molecules are turned is 5 microm- 
« e eT?he gap in the IPS mode is 10 micrometers or more. The response speed can be raised by narrowing the gap 
between th * ertrades. However, since electric fields of opposite polarities must be applied to the adjoining electrodes 
i Z Hps mode, when the gap between the electrodes is narrowed, a short circuit occurs to bring about a display 
de ect For this eason. the gap between the electrodes cannot be narrowed very mucfrBesides. when he gap 
between ! electrodes is narrowed, the ratio in area of the electrodes to display gets large. This poses a problem that 
,o a transmittance cannot be improved. 

As mentioned above, the IPS mode suffers from slow switching. At present, when a motion p.cture representing a 
fast motion is displayed, drawbacks including a drawback that an image streams take place. In an actual panel there- 
tore for improving the response speed, as shown in Figs. 3B and 3D, the alignment film ,s not rubbed parallel to the 
SctrSeTbut rubbed indirection shifted by about 15°. For realizing horizontal alignment, when an agent is merely 
applied to the alignment film, liquid crystalline molecules are arrayed freely leftward or rightward and cannot be aligned 
in a predetermined direction. Rubbing is therefore carried out for rubbing the surface of the alignment film in a certain 
direction so that the liquid crystalline molecules will be aligned in the predetermined direction. When rubbing is carried 
out in the IPS mode, if rubbing proceeds parallel to the electrodes, liquid crystall.ne molecules near the center ^ .the 
gap between the electrodes are slow to turn to the left or right with appl.cat.on erf a voltage, and therefore .slow ^to 
?espond to the application. Rubbing is therefore, as shown in Figs. 3B and 3D. earned out in a <?^^*J*£ 
15° in order to demolish right-and-left uniformity. However, even when the direction of rubbing ,s thus shifted, since the 
response time permitted by the IPS mode is twice longer than the one permitted by the TN mode, the response speed 
is very low Moreover, when rubbing is carried out in the direction shifted by about 15°. a v.ew.ng angle characteristic of 
a panel does not become uniform between the right and left sides of the panel. Grayscale reversal occurs relative to a 
25 specified angle of a viewing angle range. This problem will be described with reference to Figs. 4 to 6B^ 

Fig 4 is a diagram giving a definition of a coordinate system employed in studyng viewing of a liquid crystal d.sp ay 
(of the IPS type herein). As illustrated, a polar angle 6 and azimuth * are defined in relation to substrates 16 and 17, 
electrodes 18 and 19. and a liquid crystalline molecule 4. Fig. 5 is a diagram showing a gray-scale reversal character- 
istic of a panel concerning a viewing angle. A gray scale from white to black is segmented into 8 gray-scale , levefe 
Domain areas causing gray-scale reversal when a change in luminance is examined by varying the polar angle 6 and 
Su n \ are shown °h Fig. 5. In the drawing, reversal occurs at fours hatched areas. Figs. 6A and 6B are diagrams 
showing examples of changes in luminance of display of 8 grayscale levels in relation to the polar angle 6 with , the azi- 
muths f bced to values of 75° and 1 35° causing reversal. White gray-scale reversal occurs at gray-scale levels associated 
with high luminances, that is, when white luminance deteriorates with an increasing value of the polar angle ^ Black 
qray-scale reversal occurs when black luminance increases with an increasing value of the polar angle e. As mentioned, 
the IPS mode has a problem that gray-scale reversal occurs in four azimuths. Furthermore, the IPS mode has a prob- 
lem that"* harder to manufacture the IPS LCD than the TN LCD. Thus, in the IPS mode, any of the other character- 
istics such as a transmittance. a response speed and productivity, is sacrrticed for the viewing angle characteristic. 

As mentioned above, the IPS mode that has been proposed as an alternative for solving the problem on the viewing 
angle characteristic of the TN mode has the problem that the characteristics offered by the IPS mode other than the 
viewing angle characteristic are insufficient. A vertically-aligned (VA) mode using a vertical alignment film has been pro- 
posed Figs 7A to 7C are diagrams for explaining the VA mode. The VA mode is a mode using a negative liquid crystal 
matSal and vertical alignment film. As shown in Fig. 7A, when no voltage is applied, liquid "V^™™^™ 
Signed in a vertical direction and black display appears. As shown in Fig. 7C, when a predetermined voteg e .s apphe* 
the liquid crystalline molecules are aligned in a horizontal direction and white display appears. A contrast in display 
offered by the VA mode is higher than that offered by the TN mode. A response speed at black level is also higher. The 
VA mode is therefore attracting attention as a novel mode for a liquid crystal display. 

Heeler the V? mode has the same problem as the TN mode concerning halftone display, that is a problem that 
the disrate varies depending on the viewing angle. For displaying a halftone in the VA mode a voltage lower than 
a vol aae to be applied for white display is applied. In this case, as shown in Fig. 7B, liquid crystall.ne molecules are 
SligS n an Redirection. As iLLed. the liquid crystal.ine molecules are aligned parallel to light propagating 
from riaht below point to left above. The liquid crystal is therefore seen black when viewed from the left side hereof 
because a bi Sngent effect is hardly exerted on the left side thereof. By contrast, the liquid crystalline molecu es are 
aEnS vtSy to light propagating from left below to right above. The liquid crystal exerts a great birefnngent effect 
Sve to Sen °ight therefore. Jsplay becomes nearly white. Thus, there is the problem that the luminance varies 
depeX ?he viewing angle. The VA mode provides a much higher contrast than the TN mode and is superior to the 
TN'mSel torms of a vising angle characteristic, because even when no voltage is applied, liqu^ crysta .e m ole- 
cules near an alignment film are aligned nearly vertically. However, the VA mode » not certainly superior to the IPS 
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mode in terms of the viewing angle characteristic. 

It is known that viewing angle performance of a liquid crystal display device (LCD) in the TN mode can be .mproved 
by setog the orientation directions of the liquid crystalline molecules inside pixels to a ^.^^^S 
directions Generally the orientation direction of the liquid crystalline molecules (pre-tilt angles which keep contact wrth 

5 fsubsS'e Surface in the TN mode are restricted by the direction of a rubbing treatment applied to the alignment film. 
Th trSSent te a pracessinfl which rubs the surface of the alignment film in one direction by a cloth such as 
W^llfc3?ay«l-lEie molecules are orientated in the rubbing direction. Therefore view,ng ange performance 
can Ee improved by making the rubbing direction different inside the pixels. Figs. 8A to 8C show a method of making 
he Sg direction different inside the pixels. As shown in this drawing, an alignment film 22 ,s formed on a glass sub- 

w strate 16 (whose electrodes, etc.. are omitted from the drawing). This alignment f.lm 22 ,s then bought into oontac wrth 
fro at ng rubbing roll 201 to execute the rubbing treatment in one direction. Next, a photo-resist ,s app lied to the ahjn- 
ment film 22 and a predetermined pattern is exposed and developed by photolithography As a result, a layer 202 of the 
photo- esist which °s patterned is formed as shown in the drawing. Next, the alignment f.lm 22 ,s brought into contact 
K a ubbtg roll 201 that is rotating to the opposite direction to the above so that only the open .portions o 'J^ pattern 

,5 Te rubbed \n this way. a plurality of regions that are subjected to the rubbing treatment in differen directions are 
tomSSde the pixel, and the orientation directions of the liquid crystal become plural inside the pixel, Incidentally, the 
!!a^ can be done in arbitrarily different directions when the alignment film 22 is rotated relative to the rub- 

bin9 Thou 2 g°h the rubbing treatment has gained a wide application, it is the treatment that rubbs and consequently, dam- 
20 ages, the surface of the alignment film and involves the problem that dust is likely to occur. 

A method which forms a concavo-convex pattern on an electrode is known as another method of restricting the ^re- 
tilt angle of the liquid crystalline molecules in the TN mode. The liquid crystalline molecules in the proximity of the elec- 
trodes are orientated along the surface having the concavo-convex pattern. 

Rgs 9A to SIre diagrams for explaining the principles of the present invention. According to the present inven- 
ts tion as shown in Figs. 9A to 9C. in the VA mode employing a conventional vertical alignment film and adopting a neg- 
SeTquTd^s a, as a liqufci crystal material, a domain regulating means is included for regulating 
Squid crystal in which liquid crystalline molecules are aligned obliquely when a voltage is app .ed so that »e™entatwn 
will include a plurality of directions within each pixel. In Figs. 9Ato 9C. as thedoma.n regulating mean ^ ^s 2 
on an upper substrate are slitted and associated with pixels, and an electrode 13 on a lower substrate is prov.ded w.th 

30 ^ as" ZS:^. 2. in a state in which no voltage is app.ied, ft,* crystalline molecules are alignec I verily to 
the surfaced the substrates. When an intermediate voltage is applied, as shown in Fig. 9B. electric .elds oblique to 
Te uScS o he substrates are produced near the slits of the electrodes (edges of the «-"<^*^ "?£ 
crystalline molecules near the protrusions 20 slightly tilt relative to their state atta.ned w.th no voltage appliedThe 

35 iSneS surfaces of the protrusions and the oblique electric fields determine the directions .n wh.ch the .quid crystal line 
molecules are tilted. The orientation of the liquid crystal is divided into different directions along a plane def ined by each 
oat of rJofrusions 20 and the center of each slit. At this time, for example, light transmitted from .mmed.a ely below to 
immiia l ablve i a^ct* by weak birefringence because the liquid crystalline molecules are slightly tiltmgXonse- 
Tntte »iiL of light* suppressed and halftone display of gray appears. Light transmitted from rigM above 

<o ?o left be ow s hardly transmitted by a region of the liquid crystal in which liquid crystalline molecules are ; tUtmg leftwa d, 
whHe frie taht is quite readily transmitted by a region thereof in which liquid crystalline molecules are tilting nghtward. 
Sn the average halftone display of gray appears. Light transmitted from left below to right above contributes to gray d.s- 
2y due to tne sam ^ principles. Consequently, homogeneous display can be attained in all azimuths. Furthermore, 
when r P ^etermined P voltage is applied, liquid crystalline molecules become nearly horizontal as she™ m Bg ■ «* 

« White display appears. Thus, in all states of blackdisplay, halftone display, and white display, excellent display w.th little 

^Now^Ho^ ^termination of an orientation by protrusions of dielectric 

nJn7praSed on the electrodes. In the specification, the dielectric materials are insulating materials 0 f low dielec- 
tric Referring to Figs. 10A and 10B. an orientation determined by the protrusions will be discussed 

,„ ProtSns e formed alternately on the electrodes 12 and 13, and coated with the vertical alignment films 22. A 
lta ui Systa I emp oySTs of a negative type. As shown in Fig. 10A. when no voltage is applied, the vertical alignment 
Ss 2 2 SuseTheTq5d crystalline molecules to align vertically to the surfaces of the substrates. In this case, rubb ng 
ne^ not^rperformed on the vertical alignment films. Liquid crystalline molecules near the protrusions 20 try to ahon 
verS to tSe inTned surfaces of the protrusions. The liquid crystalline molecules near the provisions are the efo e 

55 Sed Hc£T whin no voltage is applied, in almost all regions of the liquid crystal other than the P'°^ s,on ^ u ' d 
^ZZec^ aligned nearly vertically to the surfaces of the substrates. Consequently, as shown ,n F,g. 9A. 

"llCa^ °< ^^ic Potentials in the liquid-crystal layer is as shown in Fig. 10B. In 
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the regions of the liquid-crystal layer without the protrusions, the distribution is parallel to the substrates (electr.cf.elds 
are vertical to the substrates). However, the distribution is inclined near the protrusions. When a voltage is applied, as 
shown in Figs 7B and 7D, the liquid crystalline molecules tilt according to an electric field strength. Since the electric 
fields are vertical to the substrates, when a direction of tilt is not defined by carrying out rubbing, the azimuth in which 
the liquid crystalline molecules tilt due to the electric fields includes all directions of 360°. If there are pre-tilted liquid 
crystalline molecules as shown in Fig. 10A, surrounding liquid crystalline molecules are tilted in the directions of the 
pre-tilted liquid crystalline molecules. Even when rubbing is not carried out, the directions in which the liquid crystalline 
molecules lying in gaps between the protrusions can be restricted to the azimuths of the liquid crystalline molecules in 
contact with the surfaces of the protrusions. As shown in Fig. 10B, the electric fields near the protrusions are inchned 
in directions in which they become parallel to the inclined surfaces of the protrusions. When a voltage is applied the 
negative liquid crystalline molecules are tilted in directions vertical to the electric fields. The directions correspond to 
the directions in which the liquid crystalline molecules are pre-tilted because of the protrusions. Thus, the liquid crys al- 
line molecules are aligned on a stabler basis. The slope of the protrusions and the electric fields in the proximity of he 
inclined surfaces of the protrusions contribute to stable alignment. Furthermore, when a higher voltage is applied, the 
liquid crystalline molecules become nearly parallel to the substrates. 

As mentioned above, the protrusions fill the role of a trigger for determining azimuths in which the liquid crystalline 
molecules are aligned with application of a voltage. The protrusions need not have inclined surfaces (slopes) oflarge 
area For example, the inclined surfaces over the whole pixel are unnecessary. However, if the size of the inclined sur- 
faces is too small, the effect of the slope and electric field are not available. Therefore, the width of the inclined surfaces 
are required to be determined according to the materials and shape of the protrusions. Because a good result is 
obtained when the width of the protrusions is 5 urn. This means that when the width of the protrusions is larger than 5 
urn a good result can be certainly obtained. With small inclined surfaces, when no voltage is applied, the liquid crystal- 
line molecules in almost all the regions of the liquid-crystal layer except the protrusions are aligned vertically to the sur- 
faces of the substrates. This results in nearly perfect black display. Thus, a contrast ratio can be improved. 

When the sections of the protrusions are rectangular, the side surfaces are almost vertical to the substrates. These 
side surfaces also operate as the domain regulating means. Therefore, the surfaces vertical to the substrates are 

included in the inclined surfaces. ^u„.^ «, Q 

The tilting direction of the orientation of the liquid crystal is decided by domain regulating means. Fig. 1 1 shows the 
orientation direction when protrusions are used as the domain regulating means. Fig. 1 1A shows a bank having two 
slopes and the liquid crystalline molecules are oriented in two directions different from each other at an angle of 180 
degrees with the bank being the boundary. Fig. 1 1 B shows a pyramid and the liquid crystalline molecules are oriented 
in four directions different from one another at an angle of 90 degrees with the apex of the pyramid being the boundary 
Fig 1 1C shows a hemisphere and the orientation of the liquid crystalline molecules assumes symmetry of rotation with 
the axis of the hemisphere perpendicular to the substrate being the center. In the case of Fig. 11C. the display state 
becomes the same for all the viewing angles. However, it cannot be said that a larger number of domains or directions 
is better When the relationship to the direction of polarization offered by a sheet polarizer is taken into account, if the 
oblique orientation of the liquid crystal becomes rotationally symmetrical, there arises a problem that light use efficiency 
deteriorates This is because when domains in the liquid crystal are defined uninterruptedly and radially, liquid crystal- 
line molecules lying along a transmission axis and absorption axis of the sheet polarizer work inefficiently, and liquid 
crystalline molecules lying in directions of 45" with respect to the axes work most efficiently. For improving the light use 
efficiency, the directions included in the oblique orientation of the liquid crystal are mainly four directions or less J/Vhen 
there are 'four directions, they should preferably be directions in which light components to be projected on the display 
surface of the liquid crystal display propagate with azimuths mutually different in increments of 90°. In this case, the 
ratio in number of liquid crystalline molecules aligned in directions in which light components to be projected on the dis- 
play surface propagate with azimuth mutually different by 180° should preferably be nearly even. Out of two sets of liq- 
uid crystalline molecules aligned in the directions in which the light components to be projected on the display surface 
propagate with azimuths mutually different by 180°, the ratio in number of aligned liquid crystalline molecules of one se 
is nearly even, while the ratio in number of aligned liquid crystalline molecules of the other set is uneven The set of 
aligned liquid crystalline molecules of which ratio in number is nearly even is a majority, and the set of al.gned liquid 
crystalline molecules of which ratio in number is uneven may be negligible. In other words, a characteristic analogous 

to that exhibited when two domains are defined in 180° different directions can be realized. 

In Figs 9A to 9C for realizing the domain regulating means, the electrodes 12 on the upper substrate are slitted 
and associated with pixels, and the electrode 13 on the lower substrate is provided with the protrusions 20. Any other 
means will also do. Figs. 12A to 12C are diagrams showing examples of realizing the domain regulating means. F.g. 
12A shows an example of realizing it by devising the shapes of the electrodes. Fig. 12B shows an example o < devising 
the contours of the surfaces of the substrates, and Fig. 1 2C shows an example of devising the shapes of the electrodes 
and the contours of the surfaces of the substrates. In any of the examples, the orientations shown in F.g. 8 can be 
attained. However, the structures of liquid crystals are a bit different from one another. 
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In Fig. 12A, ITO electrodes 41 and 42 on both substrates or one of the substrates are slitted. The surfaces of the 
substrates are processed for vertical alignment, and a negative liquid crystal is sealed in. When no voltage is applied, 
liquid crystalline molecules are aligned vertically to the surfaces of the substrates. When a voltage is applied, electric 
fields are generated obliquely to the surfaces of the substrates near the slits (edges) of the electrodes. With the oblique 

5 electric fields, the directions in which liquid crystalline molecules are tilted are determined. The orientation of the liquid 
crystal is divided as illustrated into right and left directions. In this example, the oblique electric fields induced near the 
edges of the electrodes are used to align the liquid crystalline molecules rightward and leftward. This technique shall 
therefore be referred to as an oblique electric field technique. 

In Fig. 12B, protrusions 20 are formed on both the substrates. Like the structure shown in Fig. 12A, the surfaces of 

w the substrates are processed for vertical alignment, and a negative liquid crystal is sealed in. When no voltage is 
applied, the liquid crystalline molecules are aligned vertically to the surfaces of the substrates in principles. On the 
inclined surfaces of the protrusions, however, the liquid crystalline molecules are aligned at a little tilt. When a voltage 
is applied, the liquid crystalline molecules are aligned in the directions of tilt. Moreover, when an insulating material with 
low dielectric constant is used to form the protrusions, the electric fields are interrupted (state close to the state attained 

is by the oblique electric field technique, the same state as the state attained by the structure having the electrodes slit- 
ted). More stable orientation division can be achieved. This technique shall be referred to as a both-side protrusion 
technique. 

Fig. 12C shows an example of combining the techniques shown in Figs. 12A and 12B. The description will be omit- 
ted. 

20 Three examples of realizing the domain regulating means have been presented. Moreover, various modifications 
can be devised. For example, the portions of the electrodes formed as the slits in Fig. 1 2A may be dented, and the dents 
may be provided with inclined surfaces. Instead of making the protrusions in Fig. 12B using an insulating material, pro- 
trusions may be formed on the substrates, and ITO electrodes may be formed on the substrates and protrusions. Thus, 
the electrodes having the protrusions may be realized. Even this structure can regulate the orientation of the liquid crys- 

25 tal. Moreover, dents may be substituted for the protrusions. Furthermore, any of the described domain regulating 
means may be formed on one of the substrates. When domain regulating means are formed on both the substrates, 
any pair of domain regulating means can be employed. Moreover, although the protrusions or dents should preferably 
be designed to have inclined surfaces, the protrusions or dents having vertical surfaces can also exert an effect of a 
certain level. 

30 When the protrusions are formed, during black display, parts of the liquid crystal lying in the gaps between the pro- 
trusions are seen black, but light leaks out through parts thereof near the protrusions. This kind of partial difference in 
display is microscopic and indiscernible by naked eyes. The whole display exhibits averaged display intensity. The den- 
sity for black display deteriorates a bit, whereby contrast deteriorates. When the protrusions are made of a material not 
allowing passage of visible light, contrast can be further improved. 

35 When a domain regulating means is formed on one substrate or both substrates, protrusions, dents, or slits can be 
formed like a unidirectional lattice with a predetermined pitch among them. In this case, when the protrusions, dents, or 
slits are a plurality of protrusions, dents, or slits bent at intervals of a predetermined cycle, orientation division can be 
achieved more stably. Moreover, when the protrusions, dents, or slits are located on both substrates, they should pref- 
erably be arranged to be offset by a half pitch. 

40 In the constitution disclosed in Japanese Unexamined Patent Publication (Kokai) No. 6-301036, apertures (slits) 
are provided on only the counter (CF) substrate. Therefore, the size of domain areas cannot be too small. Contrarily, 
according to the present invention, the size of domain areas can be optionally determined because the domain regulat- 
ing means are provided on both of the pixel electrode and counter electrode. Further, at least one of the domain regu- 
lating means has inclined surfaces, the response speed can be improved. 

as On one of two upper and lower substrates, protrusions or dents may be formed like a two-dimensional lattice. On 
the other substrate, protrusions or dents may be arranged to be opposed to the centers of squares of the two-dimen- 
sional lattice. 

In any case, it is required that orientation division occurs within each pixel. The pitch of the protrusions, dents, or 
slits must be smaller than that of pixels. 

so The results of examining the characteristics of an LCD in which the present invention is implemented demonstrate 
that a viewing angle characteristic is quite excellent and equal to or greater than those of not only a TN LCD but also 
an IPS LCD Even when the LCD is viewed from its front side, the viewing angle characteristic is quite excellent, and 
the contrast ratio is 400 or more (twice as high as that offered by the TN LCD). The transmittance offered by the TN 
LCD is 30 % the one offered by the IPS LCD is 20 %. and the one offered by the present invention is 25 %. The trans- 

55 mittance offered by the present invention is lower than the one offered by the TN LCD but higher than the one offered 
by the IPS LCD. A response speed is outstandingly higher than those offered by the other modes. For example, as far 
as equivalent panels are concerned, a TN LCD panel exhibits an on speed (for transition from 0 V to 5 V) of 23 ms, an 
off speed (for transition from 5 V to 0 V) of 21 ms, and a response speed (on + off) of 44 ms, while an IPS LCD panel 
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exhibits an on speed of 42 ms, an off speed of 22 ms, and a response speed of 64 ms. According to the mode of the 
present invention, the on speed is 9 ms, the off speed is 6 ms, and the response speed is 15 ms. Thus, the response 
speed is 2.8 times higher than the one offered by the TN mode and 4 times higher than the one offered by the IPS 
mode, and is a speed causing no problem in display of a motion picture. 

5 Furthermore, in the mode of the present invention, when no voltage is applied, vertical alignment is achieved. When 

a voltage is applied, protrusions, dents, or oblique electric fields determine directions in which liquid crystalline mole- 
cules tilt. Unlike the ordinary TN or IPS mode, rubbing need not be carried out. In the process of manufacturing a panel, 
a rubbing step is a step likely to produce the largest amount of refuse. After the completion of rubbing, substrates must 
be cleaned (with running water or IPA) without fail. The cleaning may damage an alignment film, causing imperfect 

io alignment. By contrast, according to the present invention, since the rubbing step is unnecessary, the step of cleaning 
substrates is unnecessary. 

Fig. 13 is a diagram showing the overall configuration of a liquid crystal panel of the first embodiment of the present 
invention. As shown in Fig. 13. the liquid crystal panel of the first embodiment is a TFT LCD. A common electrode 12 is 
formed on one glass substrate 16. The other glass substrate 17 is provided with a plurality of scan bus lines 31 formed 

is parallel to one another, a plurality of data bus lines 32 formed parallel to one another vertically to the scan bus lines, 
and TFTs 33 and cell electrodes 13 formed like a matrix at intersections between the scan bus lines and data bus lines. 
The surfaces of the substrates are processed for vertical alignment. A negative liquid crystal is sealed in between the 
two substrates. The glass substrate 16 is referred to as a color filter (CF) substrate because color filters are formed, 
while the glass substrate 17 is referred to as a TFT substrate. The details of the TFT LCD wilt be omitted. Now. the 

20 shapes of the electrodes which are constituent features of the present invention will be described. 

Figs. 14A and 14B are diagrams showing the structure of a panel in accordance with the first embodiment of the 
present invention. Fig. 14A is a diagram illustratively showing a state in which the panel is seen obliquely, and Fig. 14B 
is a side view of the panel. Fig. 15 is a diagram showing the relationship between a pattern of protrusions and pixels in 
the first embodiment, Fig. 16 is a diagram showing the pattern of protrusions outside a display area of a liquid crystal 

25 panel of the first embodiment, and Fig. 17 is a sectional view of the liquid crystal panel of the first embodiment. 

As shown in Fig. 17, a black matrix layer 34, an ITO film 12 providing color filters and a common electrode, and 
protrusions 20 parallel to one another with an equal pitch among them are formed on the surface of a side of a CF sub- 
strate 16 facing a liquid crystal. The ITO film and protrusions are coated with a vertical alignment film that is omitted 
therein. Gate electrodes 31 forming gate bus lines, CS electrodes 35, insulating films 40 and 43, electrodes forming 

30 data bus lines, an ITO film 13 providing pixel electrodes, and protrusions parallel to one another with an equal pitch 
among them are formed on the surface of a side of a TFT substrate 17 facing the liquid crystal. The TFT substrate is 
further coated with a vertical alignment film, though the vertical alignment film is omitted from the figure. Reference 
numerals 41 and 42 denote a source and drain of a TFT. In this embodiment, protrusions 20A and 20B are made of a 
TFT flattening material (positive resist). 

35 As shown in Fig. 14A, the pattern of the protrusions 20 A and 20B is a pattern of parallel protrusions extending 
straightly and arranged with an equal pitch among them. The protrusions 20A and 20B are arranged to be offset by a 
half pitch. The structure shown in Fig. 14B is thus realized. As mentioned in conjunction with Fig. 9B, the orientation of 
the liquid crystal is divided into two directions to thus divide each domain into two regions. 

The relationship of the pattern of protrusions to pixels is shown in Fig. 15. As shown in Fig. 15, in a general color- 

40 display liquid crystal display, three pixels of red. green, and blue constitute one color pixel. The width of each of the red, 
green, and blue pixels is approximately one-third of the length thereof so that color pixels can be arrayed with the same 
gap kept above and below them. A pixel defines each pixel electrode. Among arrayed pixel electrodes, gate bus lines 
(hidden behind the protrusions 20B) are laid down sideways, and data bus lines 32 are laid down lengthwise. The TFTs 
33 are located near intersections between the gate bus lines 31 and data bus lines 32, whereby the pixel electrodes are 

45 interconnected. Opposed to the gate bus lines 31 , data bus lines 32, and TFTs 33 included in the respective pixel elec- 
trodes 13 are black matrices 34 for intercepting light. Reference numeral 35 denotes CS electrodes used to provide a 
storage capacitor for stabilizing display are placed. Since the CS electrodes are light-interceptive, the CS-electrode por- 
tions of the pixel electrodes 13 do not work as pixels. Consequently, each pixel is divided into an upper part 13A and 
lower part 13B. 

so In each of the pixels 13A and 13B, three protrusions 20A are lying and four protrusions 20B are lying. Three first 
regions each having the protrusions 20B on the upper side of the panel and the protrusions 20A on the lower side 
thereof and three second regions each having the protrusions 20A on the upper side thereof and the protrusions 20B 
on the lower side thereof are defined in one pixel composed of the pixels 13A and 13B. In the pixel composed of the 
pixels 13A and 13B, a total of six regions of the first and second regions are defined. 

55 As shown in Fig. 1 6, on the margin of the liquid crystal panel, the pattern of the protrusions 20A and 20B is extend- 
ing outside topmost pixels and beyond rightmost pixels. This is intended to allow orientation division to occur in the out- 
ermost pixels in the same manner as that in the inner pixels. 

Figs. 18A and 18B are diagrams showing the position of a liquid-crystal injection port of the liquid crystal panel 100 
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of the first embodiment through which a liquid crystal is injected. As described later, in the process of assembling com- 
ponents to produce a liquid-crystal panel, after the CF substrate and TFT substrate are bonded to each other, al.quid 
crystal is injected. As far as a VA type TFT LCD is concerned, it takes much time to inject a liquid crystal compared with 
the TN LCD in general. Since protrusions are formed, it takes much more time to inject a liquid crystal. For shortening 
the time required for injecting the liquid crystal, as shown in Fig. 18A, a liquid-crystal injection port 102 should preferably 
be formed on a side vertical to the direction in which the protrusions are arrayed parallel to one another on a cyclic 
basis. Reference numeral 101 denotes a sealing line. 

During injection of a liquid crystal, when the interior of the panel is deaerated through exhaust ports 103 formed at 
another positions, the internal pressure decreases. This makes it easy to inject a liquid crystal. The exhaust ports 
should as shown in Fig. 18B, be located on a side opposite to the side on which the injection port is located. 

Fig 19 shows contours of protrusions in a prototype defined by performing measurement using a tracer type coat- 
ing thickness meter. As illustrated, the gap between the ITO electrodes 12 and 13 formed on the substrates is restricted 
to 3 5 micrometers by means of spacers 45. The protrusions 20A and 20B have a height of 1 .5 micrometers and a width 
of 5 micrometers. A pair of upper and lower protrusions 20 A and 20B are spaced by 15 micrometers. This means that 
a spacing between adjoining protrusions formed on the same ITO electrodes is 35 micrometers. 

After an intermediate voltage is applied to the panel of the second embodiment, the interior of the panel is observed 
using a microscope. The observation has revealed that very stable alignment is attained. 

Furthermore in the panel of the first embodiment, a response speed has quite improved. Figs. 20A to 21 are dia- 
grams indicating a changing value of the response speed permitted by the panel of the first embodiment in relation to 
changes in parameters that are an applied voltage and a spacing (gap) between upper and lower protrusions. Fig 20A 
indicates an on speed (for transition from 0 to 5 V), Fig. 20B indicates an off speed (for transition from 5 to 0 V), and 
Fig 21 indicates a switching speed that is a sum of the on speed and off speed. As shown in Figs. 20A to 21 . a fall time 
off is hardly dependent on the spacing but a rise time on varies greatly The smaller the spacing is, the higher the 
response speed becomes. Incidentally, the thickness of cells is 3.5 micrometers. The practical value of the spacing var- 
ies slightly depending the thickness of cells. That is to say, when the thickness of cells is small, the spacing is widened. 
When the thickness of cells gets larger, the spacing is narrowed. It has been actually conf irmed that as far as the spac- 
ing is about 100 times larger than the thickness of cells, liquid crystalline molecules are aligned properly. 

In any case the panel of the first embodiment permits the satisfactory switching speed. For example, when the 
spacing between protrusions is 15 micrometers and the thickness of cells is 3.5 micrometers, the response speed for 
transition between 0 and 5 V, that is. the on time on is 9 ms, the off time off is 6 ms. and the switching speed 15 ms. 
Thus, very fast switching can be achieved. 

Figs 22 to 24B are diagrams showing the viewing angle characteristic of the panel of the first embodiment. Fig. 22 
two-dimensionally shows a change in contrast dependent on a viewing angle, and Figs. 23A to 24B show changes in 
display luminance levels corresponding to 8 gray-scale levels in relation to viewing angles. Fig. 23A shows a change 
occurring at an azimuth of 90°, Fig. 23B shows a change occurring at an azimuth of 45°, and Fig. 23C shows a change 
occurring at an azimuth of 0°. Fig. 24A shows a change occurring at an azimuth of -45°, and Fig. 24B shows a change 
occurring at an azimuth of -90°. Hatched parts of Fig. 22 indicate areas in which a contrast is 10 or less, and double- 
hatched parts thereof indicate areas in which the contrast is 5 or less. As illustrated, a generally good characteristic is 
exhibited However since each pixel is divided vertically into two region, the characteristic is not a perfectly laterally and 
vertically uniform characteristic unlike the one provided by the first embodiment. Deterioration of contrast in a vertical 
direction is little larger than that in a lateral direction. The deterioration of contrast in the lateral direction is smaller than 
that in the vertical direction. However, as shown in Fig. 23C. gray-scale reversal of black occurs at a viewing angle of 
about 30° Sheet polarizers are bonded in such a way that the absorption axes thereof will lie at 45° and 135° respec- 
tively with respect to an optical axis. The viewing angle characteristic to be exhibited when the panel is viewed in an 
oblique direction is very good. The characteristics offered by this embodiment are overwhelmingly superior to those 
offered by the TN mode. However, this embodiment is slightly inferior to the IPS mode in terms of viewing angle char- 
acteristic However, once one phase-difference film or optical compensation film is placed on the panel of the first 
embodiment, the viewing angle characteristic of the panel can be improved so greatly that it overwhelms the one offered 
by the IPS mode Figs. 25 to 26C are diagrams showing a viewing angle characteristic to be exhibited by the panel of 
the first embodiment having the phase-difference film, and correspond to Figs. 22 to 23C. As illustrated, deterioration 
of contrast depending on a viewing angle has been drastically overcome. Moreover, gray-scale reversal occurring in a 
lateral direction on the panel has been overcome. On the contrary, gray-scale reversal occurs in a vertical direction dur- 
ing white display. However, generally, gray-scale reversal in white display is hardly visible to human eyes and is there- 
fore not counted as a problem in terms of display quality. Thus, once the phase-difference film is employed, better 
characteristics than those offered by the IPS mode can be exhibited in all aspects including a viewing angle character- 
istic, response speed, and manufacturing difficulty. 

An attempt was made to discuss optimal conditions by creating various variations of the structure of the first 
embodiment or modifying parameters other than the foregoing ones. In the case of protrusions, when the panel is dis- 
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played in black, light leaks out near the protrusions. Fig. 27 is a diagram for explaining occurrence of light leakage .near 
Z protrusions. As illustrated, light incident vertically on portions of the electrodes 1 3 on ^^*fJ B J^S 
the protrusions 20 are formed is transmitted to some extent because liqu.d crystall.ne molecules are as .Must ated 
alignS oWiqCely along the inclined surfaces of the protrusions 20. This results in halftone display. By contrast, Iiqu d 
c vstSine molecules near the apices of the protrusions are aligned in a vertical direcfion. No light therefore leaks out 
^•152^5 same applL to the electrode 12 on the upper substrate. During black display, near the protru- 
sions hamone display and black display are carried out partially. This partial difference in display .s microscopic and 
d scemible to naked eyes. The whole display exhibits averaged display intensity. The b.ack display deter.orates a b, , 
wheXcontrast deteriorates. The protrusions are therefore made of a materia, no, allowing i passage of J«*H«M. 
namely made of material shielding visible light, whereby contrast improves. Even ,n the second embod.ment. when the 
protrusions are made of a material shielding visible light, contrast can be further improved. 

A change in response speed occurring when the spacing between protrusions is varied has been descr.bed in con- 
junction S F gs 2uA to 2T. A change in characteristic deriving from a change in height of protrus.ons was measured 
tS ?wid?of a photo-resist to be applied for realizing protrusions and the spacing between protrusions were T.S 
rrfcrometers and 15 micrometers respectively, and the thickness of cells was approximately 3.5 ^crometers^ The 
St of the resist was set to 1 .537 ^m. 1 .600 ,m. 2.3099 M m. and 2.4486 ^. The transm,ttance 
a p?oto^pe were measured. The results of the measurement are shown in Figs^S and 29. A change ^»-^> 
dependent on the height of the protrusions (resist) occurring in a white state (when 5 V is applied) «s shown ,n F.g. 30. 
A cha^g n uTnsmfrtance dependent on the height of the protrusions (resist) occurring in a black state (when no volt- 
ageT^pS is'hown in F?g. 31. A change in contrast ratio dependent on the height of the protrusions (res, J Ms 
Kg 32. The higher the resist is, the higher the transmittance in the white state (when a voltage ,s app Jed) 
becomes. This is presumably attributab.e to the fact that the protrusions (resist) filling a i^"™*^ • ^ «*" 
\tau\d crystalline molecules are large enough to turn down the liquid crystalline molecules in terms of both of figures and 
SiS^eS^t^r^tWe (light leakage) in the black state (when no voltage is applied) increases with an 
SSse ifh7ght of the resist. This causes black levels to fall and is therefore not very preferable. The causes of light 
S^^dllcrM in conjunction with Fig. 27. Liquid crystalline molecules lying immediately above jth. > protru- 
siSreS) and in the spacings between the protrusions are aligned vertically to the surfaces of the substrates. Ught 
Sae does mt £cur in these places. However, liquid crystalline mo.ecuies lying on the slopes of the protrusions are 
Ll£S slig h« ^obSe V As the protrusions get higher, the area of the slopes increases and a light leakage increase^ 
9 TheTn LV(white luminance level / black luminance level) decreases as the resist gets higher. However, even 
when^Se he ighV of the resist is increased to have the same value as the thickness of cells screen disp ay can , be 
achlevi! IwUhout any problem. In this case, as described later, the protrusions (res,st) can be designed to fill the role of 

Pan Ba S s P Son the above results, prototypes of liquid crystal displays of size 15 were produced using TFT substrates 
35 and CF suriiates having protrusions of 0.7 micrometers. 1.1 micrometers. 1.5 micrometers, and 2.0 micrometers in 
hefaS Th Tt end reTeali by the results of the experiment was also observed in the actually-produced ..quid crystal 
3s Fo* actual viewing, because the contrast has been originally high, deteriorations in contrast occurring in the 
pane sp^ucS under the different conditions were of a good level. Thus, satisfactory display was achieved^ This ,s 
presumaSy because the panels originaHy permitted high contrasts and a little decrease in ^ «« ™£ * 
human eyes Moreover, a panel including protrusions of 0.7 micrometers high was also produced .n an effort to detect 
the^er «mit 0° ttve height of the protrusions working on molecular alignment. Display was perfectly normal. Conse- 
quent . even ^when the height of the protrusions (resist) is as smal. as 0.7 micrometers or less, the protrusions can sat- 
isfactorilv work on alignment of liquid crystalline molecules. firct 
Z 33 is a diagram showing a pattern of protrusions in the second embodiment. As shown in F.g. 15 in the first 
mlS^SSS^i linear and exterSing in a direction vertical to the longer sides of pixels. In the second 
emS!men!: protrusions are extending in a direction vertical to the shorter sides of pixels 9. The other components of 
thP second embodiment are identical to those of the first embodiment. . 

F T252A S 252B show a modification of the second embodiment, wherein Fig. 252A shows a pratrus.cn pat- 
tern an ^ Rg. 252B is a sectiona. view showing the arrangement of the protrusion arrangement. ^<"£^*£ 
nrr^ion 20A disposed on the electrode 12 on the side of the CF substrate 1 6 is extended in such a fashion as to pass 
^h™e^n£2£ Pixel 9 and to extend in a direction perpendicular to the minor side of the pixel 9. No protrusion 
through tne center 01 ine p _ llh _, rate < 7 The refore the liquid crystal is oriented in two directions inside each 

irATs^ n 6 20A at the center of the pixel. Since the .edge of 

SxeteleSe serves as the domain regulating means around the pixel electrode 13. the onenta t.on can be divided 
sXtthi?mSif!caTon. only one protrusion is disposed for each pixel and the distance between the 
?nd the edae Tthe pixe electrode 13 is great. Therefore, the response speed becomes lower than .n the second 
^?nS but the iSSo^ess becomes simpler because the protrusion is disposed on only one of the s.des 
$£5£5!. FXTbecaus'e the occupying area of the protrusion insde the pxel is small, disp.ay luminance can 
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b6 'rTS shows a protrusion pattern of another modification of the second embodiment. The protrusion 20A dis- 
posed on the electrode 12 on the side of the CF substrate 16 is positioned at the center of the p.xel 9. and no protrusion 
is disposed on the side of the TFT substrate 1 7. The protrusion 20A is a pyramid, for example. Therefore the liquid crys- 
aSSd in four directions inside each pixel. This modification can obtain the same effect as that o the mod-f ication 
shown in Bg. 255 and because the occupying area of the protrusion inside the pixel is further smaller, display lumi- 

na "n.r f ^ 

one another. Orientation division caused by the protrusions divides each domain mainly into two regions. A»muU» wrth 
which liquid crystalline molecules in two regions are aligned differ from each other by 80T The viewing a n£ 
teristic for a halftone exhibited relative to light components propagating inside a panel with az.muths including an a 
muth corresponding to a direction in which liquid crystalline molecules are aligned vertically to the substrates w, be 
Improved as shown in Figs. 9A to 9C. As for the viewing angle characteristic exhibited relative to light components prop- 
agating vertically to the light components, the problem described in conjunction with Figs. 7A to 7C occurs. For this rea- 
son, orientation division should preferably be division of the orientation into four directions. 

Fig 34 is a diagram showing a pattern of protrusions in the third embodiment. As shown in Fig. 34, .n the th.rd 
embodiment, a pattern of protrusions extending lengthwise and a pattern of protrusions extending sideways are created 
Sn each pixel 9. Herein the pattern of protrusions extending lengthwise is created in the upper half of one pixeh and 
the pattern of protrusions extending sideways is created in the lower half thereof. In this case, the pattern of p otrusions 
extending lengthwise divides the orientation of the liquid crystal sideways into az.muths that are mutually -d. rent by 
180° that is divides each pixel or domain sideways into two regions. The pattern of protrusions extending sideways 
divides the orientation of the liquid crystal lengthwise into azimuths that are mutually different by 180". that .s. divides 
2h pixel or domain lengthwise into two regions. Consequently, the orientation of the liquid crystal w h,n one : pixel s 
divided into four directions. Talking of the whole liquid crystal panel, the viewing, ^ n 9 le t chararter,s,, ^^ e ^ , ;;' a ^ 
both the vertical direction and lateral direction are improved. In the third embodiment, the components other than the 
Dattern of protrusions are identical to those of the first embodiment. 

F?g SsTa diagram showing a modification of the pattern of protrusions of the third embodiment. Th.s modrf.cation 
is different from the third embodiment shown in Fig. 34 in a point that a pattern of protrusions extending I ^ h w,se.s 
created in the left-half of each pixel, and a pattern of protrusions extending sideways ,s created ,n the right half thereof 
Even in this case, like the patterns of protrusions shown in Fig. 34. the orientation of the liquid crystal is d.videc hnto four 
directions within each pixel 9. The viewing angle characteristics of the panel relative to both the vertical direction and 

la,e ThtfS to STmbodfments use protrusions as a domain regulating means for realizing orientation division. As 
shown in Fig. 36, the alignment of liquid crystalline molecules near the apices of the protrusions is not ^egutated at all 
NeaTIhe aptoes of the protrusions, the alignment of liquid crystalline molecules is therefore not controlled to deter.orate 
display quality The fourth embodiment is an example for solving this kind of problem. 

Figs 37A and 37B are diagrams showing the shapes of protrusions in the fourth embod.ment. The other compo- 
nents are identical to those of the first to third embodiments. In the fourth embodiment, as shown ,n Fig. 37A, the pro- 
trusions 20 are partly tapered. The length of the taper portions is about 50 m.crometers or less than it For creating a 
pattern of this kind of protrusions, the pattern is drawn using a positive resist, and the protrusions and taper portions 
a?e created by perforrning slight etching. With the thus created protrusions, the alignment of hqu.d crystalline molecules 

^n^SS^Z ^el^ment. as shown in Fig. 37B. tapered juts 46 are formed on each 
protrusion 20 EvenTnThis case, the length of each tapered portion is about 50 micrometers or less than ,t. For creating 
Tpatte n of this kind of protrusions, the pattern is drawn using a positive resist, and the protrusions 20 are created by 
Perform^sSt etching. A positive resist whose thickness is about a half of the height of the protrus^ns ,s applied 
and°he taperS jut 46 on the protrusions 2 are left intact by performing slight etching. With the juts, the ahgnment of 
liquid crystalline molecules near the apices of the juts can be controlled. . Hianram 

Figs 38A and 38B are diagrams showing the structure of a panel in the fifth embod.ment. F.g. 38A , sa. diagram 
iHustSively showing a state in which the panel is seen obliquely, and Fig. 38B is a side view. The frith embodiment ,s 
an Smp e in w^ich the structure of a panel corresponds to the structure shown in 12G The protrus.ons MA« 
created as illustrated on the electrode 12 (herein, a common electrode) formed on the surface of one substrate by 
^^"poSSmUt. and the slits 21 are created in the electrodes 13 (herein, cell (pixel) e.ectrodes) formed on the 

""Ssf se^e?a e s r SSgLi factor for determining whether a liquid crystal display device could become commer- 
cially^uccessfu or not. The liquid crystal display device of the VA system and. particularly, the VA system .equipped w.th 
rdoma?regu.ating means features a high display quality as described above but becomes expensive due to the pro- 
vision of the domain regulating means and, hence, it has been desired to further decrease the cost. 
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When the protrusion is formed on the electrode, the photoresist that is applied must be exposed to light through i a 
pattern SloweS by developing and etching, requiring an increased number of steps and .ncrea sed cost deter.orat.ng 
?he yield oTtTe other hand, The pixel electrode must be formed by patterning, and the number of the steps doe not 
ncraTse despite a pixel electrode having a slit is formed. On the side of the TFT substrate, tta^^oost can be 
decreased when the domain regulating means is formed by slits rather than protrusions. On the other hand, the oppos 
SSSdTTi. color fi.terlubstrate (OF substrate) is usually a flat electrode. When a s t ,s ,obe ormed ,n the 
opposing electrode, an etching step must be. executed after the patterned photores.st ,s developed When the protru 
sion is to be formed on the opposing electrode, however, the developed photoresist can be used m .ts form wrthout 
much d Sing upThfc^st of forSng the protrusion. Like in the liquid crystal display device of the first ernbod.ment of the 
present Tenton therefore, the domain regulating means on the side of the TFT substrate is formed by a sl.t .n the pixel 
E^e and the dom ain regulating means on the side of the color filter substrate is formed by a protrusion, dnv.ng up 

the cost Mfe ^ electrode in a modification of the fifth embodiment. This 

modSon ^ ^isporSs to an example in which the protrusions 20B are replaced with the slits 21 ,n the th.rd embod- 

15 ^^en a slit is formed in the pixel electrode to divide it into a plurality of partial electrodes, the same signal voltage 
mus^e appSed o these partial'electrodes, and electric connection portions must be provided to <**™^*£ 
electrodes toqether When the electric connection portions are formed on the same layer as the pixel electrodes, onen- 
So^^mIb is disturbed in the electric connection portions impairing viewing angle charactenstics. lumi- 

20 "^^^S^^^ therefore, the electric connection portions are formed in the perimeter of the 
pixeMeS 1 3 and are shielded by the black matrices (BM) 34 to obtain luminance and response «Peed co^raUe 
with thosed when protrusions are formed on both of them. In this embodiment in which the CS electrode 3 .having 
Sht-shie.ding property is provided at the central portion of the pixel, the pixel is div.ded mto upper and lower tv* > por- 
^fSSSJL numeral 34A denotes an opening of the upper side defined by BM, and 34B denotes an opening of the 
lower side defined by BM, and light passes through the inside of the openings. * WaMinn 
The bus lines such as gate bus lines 31 and data bus lines 32 are made of a metal materia, and have W-*"U"0 
property To obtain stable display, the pixel electrodes must be so formed as will not be superposed on the bus hnes 
and nght must be shielded between the pixel electrodes and the bus lines. Furthermore, when amorphous s,l,con ms 
used as oration semiconductor, the element characteristics undergo a change upon the incidence of light giving rise 
to me occurence of erroneous operation. Therefore, the TFT portions must be shielded from light. Therefore the BM 
34 has he^e ofore been provided for shie.ding light for these portions. According to this embodiment, the etectnc con- 
necton portS are proved in the perimeter of the pixel, and light is shielded by the BM 34/m.re * ; no ; neec to, ne^y 
provide the BM for shielding light for the electric connection portions; i.e., the conventual BM may be used or the BM 
as mav be slightly expanded without decreasing the numerical aperture to a serious degree. 

may be shght y e p ^ js Qf a type ,„ whjch each pixel is divided int0 ^ portions, and I here ore basi- 

cally exhibits the same characteristics as the one of the first embodiment. The viewmg angle character st ,c ol : the panel 
becomes identical to that of the panel of the second embodiment when the phase-difference f.lm or opfcal compensa- 
Slts Employed The response speed of the panel is slightly lower than that of the panel of the fret embodiment, 
oeci Te ob £ eStric f ieldsTnduced" by the slits formed in one substrates arc «^J^-^rj £££ 
8 ms the off speed is 9 ms. and the switching speed is 1 7 ms. Thus, the response speed .s much higher than he ones 
ofS by h^convenfiona modes. As mentioned above, display is seen little irregular. However, the manufatfu nng 
oriels is ^ erThan ° h0 se of the first and second embodiments. For example, in the course of toning ITO pixel elec- 
Ses (^cell Eodes) on a TFT substrate, the e.ectrodes are slitted. A pattern of protrus.ons .s then drawn on a com- 
r*SJlng a photo-resist. As already described, the rubbing step is unnecessary, and the assocated after- 

mbb For £225 Thera^nuSs of an example in which slits are provided on the cel. (pixel) electrode 
and no £ te proS on the counter electrode is described. In this example, the cell electrodes have the shts ,. anc I the 
Sh^ oLh oHhe slits are determined properly. Owing to this constitution, stable alignment is attained, that .s, hqu.d 
£!X£S2E a e a gn£ n a az^lsof 360" inside walls defined with oblique electric fields induced near 
^^XS"y-.lln! molecules are aligned in all azimuths of 360° within each ^'^^•JS^ 
characteristic of the panel is therefore excellent. An image that is seen homogeneous .n all azimuths of 360 car be 
orSuc^ However a response speed has not been improved. An on speed is 42 ms, and an off speed is 15 ms^ A 
S nl spe^hat I LZ of the on and off speeds is 57 ms. Thus, the response speed has not been improved very 
much TOs means that no problem occurs in displaying a still image but the response *P*ed is not high enough to d,s- 
ZT* motionSSure Hke the one offered by the IPS mode. If a number of the slits is decreased, the response speed s 
S5i deTea P s2 FtE !s p'sumably that when the number of the slits is decreas^ the area of each domain 
becomes large, and it lengthens a time in which all liquid crystalline molecules are onented. 
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In the fifth embodiment, when a voltage is applied, the liquid crystal has portions, in which molecular alignment is 
unstable. The reason will be described with reference to Figs. 40 and 41 . Fig. 40 is a diagram illustrating the distributor, 
of orientation of liquid crystalline molecules in the electric connection portions. In a portion where the protrusion 20A 
and the slit 21 are provided in parallel, the liquid crystalline molecules are oriented in a direct.on perpendicular to the 
direction in which the protrusion and the slit extend as viewed from the upper side. In the electric connection portion, 
however, the liquid crystalline molecules 14a are oriented in different directions, developing abnormal or.en tation. 
Therefore, as shown in Fig. 41 . liquid crystalline molecules in the spaces between the protrusions 20A and the slits 21 
of the electrodes are aligned in a direction vertical (vertical direction in the drawing) to the protrusions 20A and slits 21 . 
Near the apices of the protrusions and the centers of the slits, liquid crystalline molecules are aligned in a horizontal 
direction but not in the vertical direction. Oblique electric fields induced by the slopes of the protrusions or the slits ena- 
ble control of the liquid crystal in the vertical direction in the drawing but cannot enable control in the lateral direction. 
For this reason, a random domain is produced sideways near the apices of the protrusions and the centers of the site. 
This has been confirmed through microscopic observation. A domain near the apex of a protrusion is too small to be 
discerned causing no problem. However, an area occupied by a domain having liquid crystalline molecules aligned 
sideways and lying near a slit is so large as to be discerned even by naked eyes. When the domain is produced regu-. 
larly even if the domain is large, it will not be cared. However, when the domain is produced at random, an image is 
seen irregular. This leads to deteriorated display quality. The panel in the fifth embodiment makes a little poor impres- 
sion on image quality compared with the one provided by the first embodiment, though display has no problem. 

Abnormal orientation causes the luminance of the panel and the response speed to decrease. For example a com- 
parison of a practical device in which an electric connection portion is formed at the central portion of the pixe electrode 
with a practical device in which a protrusion is provided, indicates abnormal conditions such as a drop in the luminance 
and a residual image in which white appears bright for a moment when black changes into white. In the sixth embodi- 

men A PanSrtSe 1 sbdhembodiment is provided by modifying the shape of the protrusions 20A and that of the slits 21 
in the cell electrodes 13 in the panel of the fifth embodiment. Fig. 42 is a diagram showing the shape of the protrusions 
20A of the sixth embodiment and that of the cell electrodes 1 3 thereof which are seen in a direction vertical to the panel. 
As illustrated, the protrusions 20A are zigzagged. Owing to this shape, as shown in Fig. 43. a domain divided regularly 
into four regions is produced. Consequently, irregular display that poses a problem in the fifth embodiment can be over- 

C ° m Fiq 44 is a plan view of a pixel portion in the LCD according to a sixth embodiment of the present invention, Fig 
45 is a diagram illustrating a pattern of a pixel electrode according to the sixth embodiment, and Fig. 46 is a sectional 
view of a portion indicated by A-B in Fig. 44. 

Referring to Figs. 44 and 46. in the LCD of the sixth embodiment, on one glass substrate 16 are formed a black 
matrix (BM) 34 for shielding light and a color decomposition filter (color filter) 39, and a common electrode 1 2 .s formed 
35 on one surface thereof. Moreover, sequences of protrusions 20A are formed in a zig-zag manner. The glass substrate 
16 on which the color filter 39 is formed is called color filter substrate (CF substrate). On the other glass substrate 17 
are formed a plurality of scan bus lines 31 arranged in parallel, a plurality of data bus lines 32 arranged in parallel in a 
direction perpendicular to the scan bus lines, TFTs 33 arranged like a matrix to correspond to the intersecting points of 
the scan bus lines and the data bus lines, and display pixel (cell) electrodes 13. The scan bus lines 31 form gate elec- 
trodes of the TFTs 33, and the data bus lines 32 form drain electrodes 42 of the TFTs 33. The sources 41 are formed 
in the same layers as the data bus lines 32 and are formed simultaneously with the formation of the drain electrodes A 
gate-insulating film, an amorphous silicon active layer and a channel protection film are formed on 
Sons between the scan bus line 31 and the data bus line 32, an insulating film is formed on the layer of the .data bus hne 
32 and besides, an ITO film corresponding to the pixel electrode 13 is formed thereon. The pixel electrode 13 is of a 
nLTngiSai shape of 1:3 as shown in Fig. 45, and has a plurality of slits 21 in a direction tilted by 45 degrees with 
respect to the sides thereof. In order to stabilize the potential of every pixel electrode 13, furthermore, a CS electrode 
35 is provided to form a storage capacitor. The glass substrate 1 7 is called TFT substrate. 

As shown, the sequences of protrusions 20A of the CF substrate and the slits 21 of the TFT substrates are 
arranaed being deviated by one-half pitch of their arrangement, so that the substrates maintain an inverse relatonship^ 
ThTproirSons and the silts maintain a positional relationship as shown in Fig. 12C, and the orientation of the .iquid 
crystals is divided into four directions. As described above, the pixel electrode 13 is formed by forming an TO Mm. 
applying a photoresist thereon, exposing it to light through a pattern of electrode, followed by developing , and etching^ 
Therefore, the slit can be formed through the same step as the conventional step if the pattern.ng .s so effected as to 

remove the portion of the slit, without driving up the cost. 

Upon forming the slits in the pixel electrode 13, the pixel electrode 13 is divided into a £ u ^« 
Here however, a signal of the same voltage must be applied to the partial electrodes and. hence, the parbal electrodes 
mus be electrically connected together. According to this embodiment as shown in Fig. 45 there tore the p, e J 
trode 13 is not completely divided by slits, but the electrode is left at the perimetric portions 131. 132, 133 of the pixel 
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electrode 13 to form electric connection portions. As described above, the alignments of the molecules are disturbed 
near the electric connection portions. Therefore, according to this embodiment as shown .n Rg 10 the je ectnc connec- 
tion portions are formed in the perimeter of the pixel electrode 13 and are shielded by the BM 34 tc ' .^njum-nance 
and response speed comparable with those of when protrusions are formed on both of themjn this embodimen .n 
which the CS electrode 35 having light-shielding property is provided a. the central portion of the prxeL the pixel .s 
div Sed into upper and lower two portions. Reference numeral 34A denotes an opening of the upper side def.ned by BM, 
and 34B denotes an opening of the lower side defined by BM, and light passes through the ms.de of the openings. 

Fias 47 to 48C are diagrams showing a viewing angle characteristic exhibited by the sixth embod.ment. As illus- 
trated the viewing angle characteristic is excellent and irregular display is overcome. Moreover, a response speed is as 
hioh as a switchina speed is 17.7 ms. Thus, very fast switching can be achieved. 

9 Figs 4^A and 49B illustrate another example of the pattern of the pixel electrode, wherein the BM 34 shown .n *a 
49B is formed on the pixel electrode 13 shown in Fig. 49A. The pattern of the pixel electrode can be modrfied .n , S ^variety 
of ways. For example electric connection portions may be formed in the perimeter on both s.des of the slit to decrease 
the resistance between the partial electrodes. , a „ 
In the f ifth and sixth embodiments, slits can be provided in the place of the protrusions on the counter electrode 12^ 
Namely, both of the domain regulating means are realized by the slits. However, in this constitution, the response speed 

In the sixth embodiment, the electric connection portions are formed in the same layer as the partial electrodes. 
The electric connection portions, however, may be formed in a separate layer. A seventh embod.ment deals w.th th.s 
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Fiqs 50A and 50B are diagrams illustrating a pattern and a structure of the pixel electrode according to the seventh 
embodiment The seventh embodiment is the same as the sixth embodiment except that the connection electrode 134 
is formed simultaneously with the formation of the data bus line 32. and a contact hole is formed in the plating layer 
135 to connect the partial electrode 13 to the connection electrode 134. In this embodiment, the connec ion electrode 
134 is formed simultaneously with the data bus line 32. However, the connection electrode 134 may be formed simul- 
taneously with the gate bus line 31 or the CS electrode 35. The connection electrode may be formed separately from 
the formation of the bus line. In this case, however, a step must be newly provided for forming the connection .electrode, 
i.e., a new step must be added. In order to simplify the steps, it is desired to form the connection electrode simultane- 
ously with the formation of the bus line or the CS electrode. ..... • „,„^„ 

In the seventh embodiment, the connection electrode which becomes a cause of abnormal or.entation .s more sep- 
arated away from the liquid crystal layer than that of the sixth embodiment, making it possible to further decrease abnor- 
mal orientation. When the connection electrode is formed of a light-shielding material, such a port.on .s sh.elded from 
liaht and the quality of display is further improved. . 

Fig 51 is a plan view of a pixel portion according to a eighth embodiment, and Fig. 52 is a sectional view of a por- 
tion A -B in Fig. 51 . The eighth embodiment is the same as the sixth embodiment except that a protrusion 20C is formed 
in the slit of the pixel electrode 13. Both the slit of the electrode and the insulating protrusion formed on the electrode 
define the orientation region of the liquid crystals. When the protrusion 20C is formed ,n the sht 21 as in this embooV 
mtS the directions of orientation of the liquid crystals due to the slit 21 and the protrusion 20C are m W™"^* 
protrusion 20C assisting the division of orientation by the slit 21 . to improve stabiHty. Therefore, the or.entat.on s more 
stabilized and the response speed is more increased than those of the first embodiment. Referring to Fig. 52 the pro- 
Six formed by laminating the .ayers that are formed when the CS electrode 35. gate bus hne 31 and data bus 

" nS FiqrsSToisJ are diagrams illustrating a process for producing a TFT substrate according to the eighth embod- 
iment Fig 5^ Lta. film of the gate layer is formed on a glass substrate 17. In Fig. 53B portions corresponding 
oga e bus lines 31 , CS electrodes 35 and protrusions 312 are left relying upon the photolithography method. In F.g. 
53C a gate-insulating film, an amorphous silicon active layer and a channel protection film are continuously formed \n 
S 53D the channel protection film 314 is left in a self-aligned manner by exposure to light <^ 
In Fig 53E. a metal film 321 is formed for forming the contact layer and the source-dra.n layer In F.g. 53F, a source 
elect!ode 4 and a drain electrode 42 are formed relying on the photolithography method. At th.s moment the me al 
flmtfeft e^en a. a position corresponding to the protrusion 20C on the inside of the sIK In Rg. f^"™£" "J 
33 is formed In Fig. 53H, a contact hole 332 is formed for the source electrode 41 and the pixel electrode. In F.g. 53N 
an to S" is formed. In Fig. 53J, a pixel electrode 13 is formed by the photolithography method. Sifts are formed 

31 ^cSding to this embodiment as described above, the protrusion 20C is formed in the slit 21 of the , pixel electee 
13 wUhout. however, increasing the number of the steps compared with the conventiona. »^ .^l^^ 
tation is further stabilized owing to the protrusion 20C. In this embod.ment, the protrus.on ,n the slit of the p.xe electtoc le 
is formed by superposing three layers, i.e., gate bus line layer, channel protection layer and source/dra.n layer. The pro- 
trusion, however, may be formed by one layer or by a combination of two layers. 
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Fig 54 is a diagram showing the shape of the protrusions 20A and 20B in the ninth embodiment which are seen in 
a direction vertical to the panel. Fig. 55 is a diagram showing a practical plan view of pixel portions of the ninth embod- 
iment A panel of the ninth embodiment of the present invention is provided by zigzagging the protrusions 20A and 20B 
in the panel of the first embodiment like those in the one of the sixth embodiment. As illustrated, the protrusions 20A 
and 20B are zigzagged so that an orientation causing each domain to be divided into four regions can be attained. The 
directions of the surfaces of each protrusion reaching and receding from a bent are mutually different by 90°. Since liq- 
uid crystalline molecules are aligned in a direction vertical to the surfaces of each protrusion, an orientation causing 
each domain to be divided into four regions can be attained. In practice, a panel in which a thickness of the hquid crystal 
laver is 4 1 urn a width and height of the protrusions 20A are respectively 10 urn and 4 urn, a width and height of the 
protrusions 20B are respectively 5 am and 1 .2 am. a gap between the protrusions 20A and 20B (a distance in the direc- 
tion shifted by 45° from the horizontal line in the figure) is 27.5 am. and a size of the pixel (pixel arrangement pitches) 
is 99 urn x 297 am has been made. As a result of measurement of this panel, the response speed of the panel is iden- 
tical to that of the panel of the first embodiment. The viewing angle characteristic thereof is identical to the one in the 
sixth embodiment and is so excellent as to demonstrate that the orientation is divided vertically and laterally uniformly 
Optimal values of the width, height and gap of the protrusions have relations to each other. Further, they are changed 
according to materials of the protrusions, vertical alignment film, liquid crystal, a thickness of the liquid crystal layer and 
so forth. 

In the panel in the ninth embodiment, the direction of tilt of liquid crystalline molecules can be controlled to include 
four directions. Regions A. B. C. and D in Fig. 54 are regions to be controlled so that liquid crystalline molecules therein 
will be aligned in the four directions. The ratio of the regions within one pixel is uneven. This is because the pattern of 
protrusions is continuous and is located in the same way in all pixels, and a pitch of repeated patterns of protrusnnsis 
matched with a pitch of arrayed pixels. In reality, the viewing angle characteristic shown .n F.g. 47 to 48C is exhibited 
but does not reflect the uneven ratio of regions resulting from orientation division. However, this state is not very pref- 
erable The pattern of protrusions shown in Fig. 54 is therefore formed all over the substrates with the pitch of pixels 
iqnored The width of a resist is 7 micrometers, an interval between resist lines is 15 micrometers, the height of the 
resist is 1 1 micrometers, and the thickness of cells is 3.5 micrometers. Using a TFT substrate and CF substrate meet- 
ing these conditions, a liquid crystal display of size 15 was produced as a prototype. Some resist lines interfered with 
gate bus lines and data bus lines. Nevertheless, generally good display appeared. Even when the width of the resist 
was increased to be 15 micrometers and the interval between resist lines was increased to 30 micrometers, nearly the 
same results were obtained. Consequently, when the width of protrusions and the pitch of repeated patterns are made 
much smaller than the pitch of pixels, even if a pattern of protrusions is drawn with the dimensions of a pixel ignored, 
good display can be attained. Besides, the freedom in design expands. For completely preventing interference with bus 
lines the pitch of repeated patterns of protrusions or dents should be set to an integral submultiple or multiple of the 
pitch' of pixels. Likewise, a cycle of protrusions must be designed in consideration of a cycle of pixels and should pref- 
erably be set to an integral submultiple or multiple of the pitch of pixels. ■ cc • 

In the ninth embodiment, when a pattern of protrusions that is discontinuous like the one shown in Fig. 56 is 
adopted the ratio of regions within one pixel in which liquid crystalline molecules are aligned in four different directions 
is even There is still no particular problem in manufacturing. However, since the pattern of protrusions is discontinuous 
the orientation of the liquid crystal is disordered at the edges of patterns. This leads to deteriorated display quality such 
as light leakage. Even from this viewpoint, preferably, the pitch of repeated patterns of protrusions should be matched 
with the pitch of arrayed pixels, and a continuous pattern of protrusions should be adopted. 

In the ninth embodiment, the protrusions of dielectric materials are formed in a zig-zag manner on the electrodes 
12, 13 as the domain regulating means and the protrusions regulate the alignment direction of the liquid crystalline , mol- 
ecules. As described above, the slits provided on the electrodes generate oblique electric fields at the edges^ there** 
and the oblique electric fields operate as the domain regulating means. The edges of the cell (pixel) electrodes also 
generate oblique electric field. Therefore, the oblique electric field must be considered as the domain regulating means. 

Figs 57A and 57B are diagrams for explaining this phenomenon and shows the case of the vertical orientation 
somewhat inclined from the vertical direction. As shown in Fig. 57A. each liquid crystal particle 14 is oriented substan- 
tially vertically when no voltage is applied thereto. Upon application of a voltage between electrodes ; 12 and 13 how- 
ever, an electric field is generated in vertical direction in the electrodes 12 and 13 in the region other than the perimeter 
of the electrode 1 3, so that the liquid crystalline molecules 14 are tilted in the direction perpendicular to the electric field. 
One electrode is a common electrode, and the other electrode is a display pixel electrode separated into each display 
nixel Therefore as shown in Fig. 57B, the direction of the electric field 8 is inclined at its perimetric edge (edge). The 
Squid crystalline molecules 14 are tilted in the direction perpendicular to the electric field 8. The direction ,cj : ind.naton 
of the liquid crystal, therefore, is different between the central portion and the edge of the pixel as shown This phenom- 
enon is called "reverse tilt". A reverse tilt causes a schlieren structure to be formed in the d.splay pixel area and thus 

in the case where the domain regulating means is used. Fig. 58 is a diagram showing 
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a oortion 41 where the schlieren structure can be observed in a configuration formed with the zigzag protrusion pattern 
of t h e n^h embS ment Fig. 59 is a diagram showing in enlarged form the neighborhood of the portion 41 where a 
schSren struSu^ Observed and also shows the direction in which the liquid crystalline molecules 14 are fitted upon 
^nlfcaTon of a vol aae thereto In this case, protrusions of different materials are formed on the pixel electrode sub- 
£e formi wit»? a TFT a ,3 o n the opposJsubstra.e formed with a common electrode. A vertical alignmen t Hm is 
SSW Siice is assembled without being rubbed. The cell thickness is 3.5 „m. The por ion, 41 whe ethe 
schlieren strudureTs observed is where the direction in which the liquid crystalline molecules are fallen by the or enta- 
on regulator^ ffo ce dSo the diagonal electric field is considerably different from the direction of one^on^Mon 
due to the Fotr^sions. This reduces the contrast and the response rate, thereby leading to a detenorated display quel- 

' ty ' In the case where the liquid crystal display device configured of a protrusion pattern bent J |" "JJ 

embodiment is driven the display is darkened In a part of the display pixels, or n phenomenon called an n to.- mngo in 
wh^Tolwhr P revious display appears remaining occurs in the display of an animation or cursor relocation Fig. 
60 S a dfagTam showing a region /ppennng blnC k in the pixel on the liquid crystal pane, configured in the ninth embod- 
iment. In this region, the change In orientation Is found to be very slow upon appllca lion of avoltage 

Fig 61 A is a sectional view taken in line A-A" in Fig. 60. Fig. 61 B is a sectional view taken in line B-B . As ishown in 
Fia 60 the section A-A' has a region looking black in the neighborhood of the left edge, while the neighborhood of he 
riqht rfae kSs a region appearing black. In correspondence with this, as shown in Fig. 61 A. the direction ,n which the 
Z^l^nJLJZ* tilted by the orientation regulation force due to the J^J ^ 

different from the direction of orientation regulation due to the protrusions in the neighborhood of the left edge, while the 
d irei^on in which the liquid crystatline molecules are tilted by the orientation regulation force due to the d.agonal electric 
S ^mpaTatively coincides with the direction of orientation regulation due to the protrusions ,n the neighborhood of 
he rW Sae In siSlar fashion, a region looking black is present in the neighborhood of the right edge but absent ,n 
K eighSrhoSd Tthe left edge. In Correspondence with this, as shown in Fig. 61B the direction -n^**-*^ 
crvsSlL molecules are tilted by the orientation regulation force due to the diagonal electric field .s considerably d.ffer- 
SSS^hTdSEn of orientation regulation due to the protrusions in the neighborhood of the right edge, while the 
direS n which the liquid crystalline molecules are tilted by the orientation regulation force due to the Wn^nc 
field comparatively coincides with the direction of orientation regulation due to the protrusions ,n the ne.ghborhood of 

'2 Scribed above, the deterioration of the display quality is attributable to the portion where the direction in which 
the .Juid Crystalline molecules are tilted by the orientation regulation force due to the diagonal electric : ieU at an edge 
of the display pixel electrode is considerably different from the orientation regulation force due to the protrusions upon 

nte^se^^^ 

olav aualitv is seen to deteriorate in the neighborhood of the bus line (gate bus line or data bus line) in the pixel. This is 
SSSrundes" ^ minute region (domain) formed in the neighborhood of the bus line and the result.ng disturbance 
of "quid crystal orientation and reduced response rate. The problem thus is posed of a reduced viewing angle charac- 
teristic and a reduced color characteristic in half tone. . flnl 

Ftas 62A and 62B are diagrams showing a fundamental configuration of a LCD according to a tenth embodiment. 
A pixeffunctions within the range defined by a cel. e.ectrode 13, which will be ^^J^^^^l 
part a non<Jisplay region. Normally, a bus line and a TFT are arranged in a nonOisplay region. A bus line made , of a 
metatmaLial has a masking characteristic but a TFT transmits light. As a result, a mastong member called a black 
matrix (BM) is inserted between a TFT, a cell electrode and a bus line. 

AccoSng to the tenth embodiment, a protrusion 20A is arranged in the non-display region on a common electrode 
12 ofa CF subs, ate 16 so as to generate an orientation regulation force in a direction different from the orientation 
Z^MbZbL due to a diagonal e.ectric field generated by an edge of the cel. electrode 13. Fig. 62A, shows 
h! sta e wSe no voltage is applied. In this state, liquid crystalline molecules 14 are or.ented substantially perpendic- 
ular tft^suTaces o, the electrodes 12.13 and the protrusion 20A due to the vertical orientation process^ Upon « appli- 
cat on of 8 1 voltage thereto, as shown in Fig. 62B. the liquid crystalline molecules 14 are or.ented in the direction 
P e pend cula ^to!he electric field 8. In the non-display region lacking the eel! electrode 1 3. the electric field » torrnad 
SiaSXmlhe neighborhood of an edge of the cell electrode 13 toward the non^J.splay region. Th.s diagonal elec- 
SSd SeSs^o o£! the liquid crystalline molecules 14 in a direction different from the orientation ,n the display 
So^l^ln^rsW. The orientation regulation force of the protrusion 42 however, orients the hquid crystalline 
molecules 14 in the same direction as in the display region, as shown in Fig. 62A. 

Fia 63 is a diagram showing a protrusion arrangement pattern in a liquid crystal d.splay dev.ee of the tenth embod- 
impnt Fia 64 fs a dSm showing in enlarged form, the portion defined by a circle in Rg. 63. In the tenth embod.ment. 
Lnew F X^S^^^^ the portion where a sh.ieren structure is observed ™spro~ 52 » 
connected to and integrally formed with a protrusion arrangement 20A formed on the common electrode 1 2. The rela- 
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lion shown in Figs. 62A and 62B is realized at the portion formed with the protrusion 52, where the orientation of the 
liquid crystalline molecules 14 at an edge of the cell electrode coincides with the orientation , ,n the display reg.oa as 
shown in Fig. 64. Therefore, the schlieren structure that has been observed in Fig. 58 cannot be observed ,n F.g. 64 for 
an improve display quality. . 
5 Fig. 255 shows a modification in which the protrusion 52 is arranged to face the edge of the pixel electrode 1 3. In 

this modification, no shlieren structure is observed. „ Qr „,.: 1#Q i„ , ica a hiark 

The tenth embodiment, which uses an acrylic transparent resin for the protrus.on, can alternatively use a black 
material. The use of a black resin material can shield the leakage light at the protrusion and therefore improves the con- 
trast. This is also the case with the embodiments described below. 
w The protrusion 52 which is formed as a non-display region domain regulating means in the non-display region as 
shown in Figs. 62A to 63 can be replaced by a depression (groove) with equal effect. The depression, however, ,s 

required to be formed on the TFT substrate. .... „ . „ „ ,„ i;qH 

Any non-display domain regulating means which has an appropriate orientation regulation force can be employed 
The direction of orientation is known to change, for example, when the light of a specific wavelength such as ultraviolet 
light is irradiated on the alignment film. Utilizing this phenomenon, it is possible to realize a non^lisplay reg.on domain 
regulating means by changing the direction of orientation in a part of the non-display region. 

Figs 65A and 65B are diagrams for explaining the change in orientation direction by irrad.ation of ul rav.olet light 
As shown in Fig. 65A. a vertical alignment film is coated on the substrate surface, and a non-polar.zed ultraviolet ligh 
is irradiated on it from one direction at an angle of. say. 45" as shown in Fig. 65B. Then, the direction of orientation of 
the liquid crystalline molecules 14 is known to tilt toward the direction in which the ultraviolet light .s irradiated. 

Fig 66 is a diagram showing a modification of the tenth embodiment. The ultraviolet light is .rradiated from the 
direction indicated by arrow 54 on a portion 53 of the alignment film on the TFT substrate opposed to the protrus.on 52 
constituting the non-display domain regulating means shown in Fig. 63. As a result, the portion 53 <x,mes to .have .an 
orientation regulation force acting in such a direction as to offset the effect of the diagonal electric field at the .edge. of 
the cell electrode 13. Consequently, an effect similar to that of the tenth embodiment shown in Fig. 63 is obtained. The 
ultraviolet light, though irradiated only on the TFT substrate in Fig. 66. can alternatively be irradiated only on the CF sub- 
strate 16 or on both the TFT substrate and the CF substrate. The direction in which the ultraviolet light is irradiated is 
required to be set optimally striking a balance between the degree of the orientation regulation force in relation to the 
irradiation conditions and the orientation regulation force due to the diagonal electric field. ...... 

The non^Jisplay region domain regulating means, which reduces the effect of the diagonal electric field generated 
at an edge of the cell electrode on the orientation of the liquid crystalline molecules in the display region and stabilizes 
the orientation of the liquid crystalline molecules in the display region, is applicable to various systems .nclud.ng the VA 

SySt Now desirable arrangements of the protrusions and depressions, which operate as the domain regulating means 
which respect to edges of pixel electrodes will be described. Figs. 67A to 67C are 22 diagrams showing fundamental 
relative positions of the edge of the cell electrode and protrusions acting as domain regulating means. As shown in Fig. 
67A protrusions 20B are arranged at the edges of the cell electrode 1 3, or a protrusion 20A is arranged on the common 
electrode 12 opposed to the edge of the cell electrode 13 as shown in Fig. 67B. As another alternative, the protrus.on 
20A on the CF substrate is formed inside the display region with respect to the edges of the cell electrode 1 3. as shown 
40 in Fiq 67C. while the protrusion 20B on the TFT substrate 1 7 is arranged in the non-display region. 

in Figs 67A and 67B, the protrusions are arranged at the edges of the cell electrode 13 or in opposed relation 
thereto and the region where the protrusions affect the orientation direction of the liquid crystal is defined by the edges. 
Regardless of the state of the diagonal electric field in the non<iisplay region, therefore, the orientation in the display 
region is not affected whatsoever. Thus, a stable orientation is secured in the display reg.on and the d.splay qual.ty .s 

45 .mproved^ ^ ^ conditions {or arra ngement shown in Fig. 67C. the orientation restriction force of the diagonal elec- 
tric field at an edge of the cell electrode 13 is in the same direction as the orientation regulation force of the protrusions, 
and therefore a stable orientation can be obtained without developing any domain rM ******* 

The conditions under which the direction of the orientation regulation force of the d.agonal electr.c field coincides 
with the direction of the orientation regulation force of the domain regulating means can be realized also using a < depres- 
sion instead of a protrusion. Fig. 68 is a diagram showing an arrangement of edges and <<«"^ 
conditions for arrangement equivalent to Fig. 67C. Specifically, the protrusions 20B on the TFT substrate 17 are 
arrangS inSde the disp.ay region, and the protrusions 20A on the CF substrate are arranged in the non-d.splay region 

with respect to the edges of the cell electrode 13. 

S? 69A and 69B are diagrams showing an arrangement of a linear (striped) protrus.on arrangement const.tut.ng 
a donSn reguSng means on a LCD realizing the conditions Fig. 67C in the first embodiment. F.g. 69 A is a i top p tan 
view Zi Fig 69B is a sectional view. In the configuration of Figs. 69A and 69B, the protrusion height is about 2 jxm he 
profusion width is 7 urn and the inter-protrusion interval is 40 „m. After two substrates are attached to each other, the 
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protrusions of the TFT substrate are arranged in a staggered fashion with the protrusions of the CF substrate In order 
To realize the conditions of Fig. 67C, the protrusions of the TFT substrate 1 7 are interposed between the cell electrodes 
13. Since a gate bus line 31 is interposed between the cell electrodes 13, however, the protrusion arranged between 
the cell electrodes 13 is located on the gate bus line 31. 

With the LCD of Figs 69A and 69B, no undesirable domain is observed and the switching speed is not low at any 
oortion Therefore, a superior display quality is obtained without any after-image. Assuming that the protrusions 20B 
between the cell electrodes 13 in Figs. 69A and 69B are arranged at the edges of the cell electrodes 13, the conditions 
of Fig 67A can be met, while if the arrangement of the protrusions 20A and 20B is reversed between the two sub- 
strates on the other hand, the conditions of Fig. 67B are satisfied. The protrusion arranged on or in opposed relation 
to the edges can alternatively be arranged either on the TFT substrate 17 or on the CF substrate 16. Considering the 
displacement of the substrates attached to each other, however, the protrusions are desirably formed at the edges of 
the cell electrodes 1 3 on the TFT substrate 17. 

Figs 70A and 70B are diagrams showing an arrangement of a protrusion arrangement of another protrusion pat- 
tern for a LCD according to a eleventh embodiment satisfying the conditions of Fig. 67C. Fig. 70A .s a top plan view and 
Fig 70B is a sectional view. As shown, a checkered grid of protrusions is arranged between the cell electrodes 1 3. and 
protrusions similar in shape to the above-mentioned protrusion pattern are formed sequentially inward of each pixel. By 
use of this protrusion pattern, the orientation in each pixel can be divided into four directions, but not in equal proport.on. 
Also in this case, the checkered protrusion pattern is arranged on the gate bus line 31 and the data bus line 32 between 

^to in*Fta8 e 70A and 70B. the conditions of Figs. 67A and 67B are satisfied if the protrusions 20B otherwise inter- 
posed between the cell electrodes 13 are arranged at a portion in opposed relation to an edge of the cell electrode 13 
of the TFT substrate 17 or an edge of the CF substrate. In this case, too, the protrusions are preferably formed at the 
edges of the cell electrode 13 on the TFT substrate 17. ........ . , 

In the example shown in Figs. 70A and 70B. protrusions are formed in rectangular grid similar to the rectangular 
cell electrodes Since the protrusions are rectangular, however, an equal proportion cannot be secured for all the direc- 
tions of orientation. In view of this, a protrusion arrangement bent in zigzag shown in the ninth embodiment is con- 
ceived As described with reference to Figs. 58 and 60, however, an undesirable domain is generated in the 
neighborhood of the edges of the cell electrode 1 3 unless protrusions are formed as shown in Fig. 63. For this reason, 
independent protrusions for different pixels, not a continuous arrangement of protrusions as shown in Fig. 71. is the next 
subject of discussion. In the case where the protrusions 20A and 20B are formed as shown in Fig. 71. however, an 
abnormal orientation occurs at the portion indicated by T of the pixel 13. with the result that the difference in distance 
from an electric field controller (TF) 33 poses the problem of a reduced response rate. With the protrus IO n arrangement 
bent in zigzag in a rectangular pixel, it is impossible to satisfy the conditions for arrangement of the protrusions in rela- 
tion to all the edges of the cell electrode shown in Figs. 67A to 67C. A twelfth embodiment is intended to solve this prob- 

Fig 72 is a diagram showing the shapes of the cell electrode 13. the gate bus line 31 . the data bus line 32. the TFT 
33 and the protrusions 20A. 20B according to the twelfth embodiment. As shown, in the twelfth embodiment, the cell 
electrode 13 has a shape similar to the bent form of the zigzag protrusions 20A. 20B. This shape prevents the occur- 
rence of an abnormal orientation, and the equal distance from the TFT 33 to the end of the cell electrode 13 can 
improve the response rate. According to the twelfth embodiment, the gate bus line 31 is also bent in zigzag in conform- 
ance with the shape of the cell electrode 13. 

As far as the protrusions arranged on the gate bus line 31 are formed on the portions in opposed relation o the 
edges of the cell electrode 1 3 or the edges of the CF substrate, the conditions of Figs. 67A and 67B are satisfied. In this 
case too, the protrusions are desirably formed at the edges of the cell electrode 13 on the TFT substrate. 

Nevertheless, the conditions of Figs. 67A to 67C can be met only for the edges parallel to the gate bus line 31 bu 
not for the edges parallel to the data bus line 32. As a result, the latter portion is exposed to the effect of the diagonal 
electric field, thereby posing the problem described above with reference to Figs. 57A to 60. 

Fig 73 is a diagram showing the shapes of the cell electrode 1 3. the gate bus line 31 , the data bus line 32. the TFT 
33 and the protrusions 20A, 20B according to a modification of the twelfth embodiment. Unlike in the twelfth embodi- 
ment of Fig. 72 in which the gate bus line 31 is shaped in zigzag in conformance with the shape of the ^ll elertrode .13 
the cell electrode 13 is shaped as shown in Fig. 73, so that the gate bus line 31 is rectilinear while the data bus line 32 
s ben in Sfg In Fig. 73 the protrusions 20A and 20B are not independent for different pixels but form a continuous 
Jotmsion covering a plurality of pixels. The protrusion 20B is arranged on the data bus line 32 laid vertically Mween 
fhe cell electrodes 13 thereby to satisfy the conditions of 67C. The arrangement of Fig. 73 can also realize the conoV 
lions of Figs. 67A and 67B. as far as the protrusions arranged on the data bus line 32 are formed ,n spatially opposed 
relation to the edges of the cell electrode 13 or the edges of the CF substrate 16. In this case, too, the protrus.ons are 
desirably formed at the edges of the cell electrode 13 on the TFT substrate 17 

In the arrangement of Fig. 73. each protrusion crosses the edge of the cell electrode 13 parallel to the gate bus line 
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31 . The resulting effect of the diagonal electric field on this portion gives rise to the problem described above with ref- 
erence to Figs. 57A to 60. 

Fig. 74 is a diagram showing another modification of the twelfth embodiment. In the arrangement shown in Fig. 74, 
the protrusions are bent twice in a pixel. This makes the pixel somewhat rectangular in shape as compared with Fig. 73 
5 and therefore the display is easier to view. 

Fig 75 is a diagram showing the shapes of the cell electrode 13, the gate bus line 31 , the data bus line 32, the TFT 
33 and the protrusions 20A, 20B according to a thirteenth embodiment. Figs. 76A and 76B are sectional views taken in 
lines A-A' and B-B' in Fig. 75. In order to alleviate the effect of the diagonal electric field at the edges of the cell electrode 
13 with a protrusion arrangement bent in zigzag, the tenth embodiment includes the non-display region domain regu- 
io lating means arranged outside the display region while the thirteenth embodiment has the cell electrode bent in zigzag, 
both having failed to completely eliminate the effect of the diagonal electric field. In view of this, according to the thir- 
teenth embodiment, the portion where the orientation is liable to be disturbed and an undesirable domain is liable to 
occur as shown in Figs. 58 and 60 is masked by a black matrix 34 to eliminate the effect of the diagonal electric field on 
the display. 

is At the portion A-A' shown in Fig. 75 is free of the effect of the diagonal electric field, the BM 34 is narrowed as 
shown in Fig. 76A, while at the portion B-B' where the diagonal electric field has a considerable effect, the width of the 
BM 34 is increased as compared with the prior art so as not to display any image. In this way, the display quality is not 
deteriorated nor an after-image or a reduced contrast is caused. The increased area of the BM 34, however, reduces 
the luminance of display due to a reduced numerical aperture. Nevertheless, no problem is posed as far as the area of 

20 the increase of BM 34 is not considerable. 

As described with reference to the tenth to thirteenth embodiments, according to this invention, the effect of the 
diagonal electric field at the edge portions of the cell electrode can be alleviated and therefore the display quality can 

be improved. .... * 

In the embodiments as set above, the orientation of liquid crystal is divided by the domain regulating means. A 
25 detailed observation of the orientation in the boundary portion of the domain, however, reveals the fact that the domain 
is divided in the directions 180° apart at the domain regulating means, that minute domains 90° different in direction 
exist in the boundary portion (on a protrusion, a depression or a slit) between domains and that a region looking black 
exists in the boundary (the neighborhood of the edge of a protrusion, if any) of each domain including a minute domain. 
The region looking dark brings about a reduced numerical aperture and darkens the display. As described above, the 
liquid crystal display device using a TFT requires a CS electrode contributing to a reduced numerical aperture. In other 
cases, a black matrix (BM) is provided for shielding the surrounding of the display pixel electrode and the TFT In all of 
these cases, it is necessary to prevent the numerical aperture from being reduced as far as possible. 

The use of a storage capacitor with the CS electrode was described above. Let us briefly explain the function of the 
storage capacitor (CS) and the electrode structure. The circuit of each pixel in a liquid crystal panel having a storage 
capacitor is shown in Fig. 77A. As shown in Fig. 1 7, the CS electrode 35 is formed in parallel to the cell electrode 13 in 
such a manner as to configure a capacitor element between the CS electrode 35 and the cell electrode 13 through a 
dielectric layer The CS electrode 35 is connected to the same potential as the common electrode 12, and therefore, as 
shown in Fig 77A, a storage capacitor 2 is formed in parallel to the capacitor 1 due to the liquid crystal. Upon applica- 
tion of a voltage to the liquid crystal 1 , a voltage is similarly applied to the storage capacitor 2, so that the voltage held 
in the liquid crystal 1 is held also in the storage capacitor 2. As compared with the liquid crystal 1 , the storage capacitor 
2 is easily affected by a voltage change of the bus line or the like, and therefore effectively contributes to suppressing 
an after-image or a flicker and alleviating the display failure due to the TFT-off current. The CS electrode 35 is preferably 
formed in the same layer as the gate (gate bus line), the source (data bus line) or the drain (cell) electrode of the TFT 
element in order to simplify the process. Since these electrodes are formed of an opaque metal for securing the 
required accuracy, the CS electrode 35 is also opaque. As described above, the CS electrode is formed in parallel to 
the cell electrode 13, and therefore the portion of the CS electrode cannot be used as a display pixel for a reduced 
numerical aperture. . 

The liquid crystal display device is required to have an improved display luminance while an effort is being made to 
save power consumption at the same time. The numerical aperture, therefore, is preferably as high as possible. As 
so explained above, on the other hand, the light leakage through the slit formed in the protrusion or the electrode for 
improving the display quality deteriorates the display quality. For eliminating this inconvenience, the protrusion is pref- 
erably made of a masking material and the slit is preferably masked with a BM or the like. Nevertheless, these meas- 
ures contribute to a lower numerical aperture. 

An arrangement of the protrusions 20A, 20B and the CS electrode 35 of the embodiments as set above is shown 
55 in Fig 77B The protrusions 20A, 20B and the CS electrode 35 are opaque to the light and the corresponding portions 
have a lower numerical aperture. The protrusions 20A, 20B are formed partly in superposition but partly not in super- 
position on a part of the CS electrode 35. 

Figs. 78 A and 78B are diagrams showing an arrangement of the protrusions 20 (20 A, 20 B) and the CS electrodes 
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35 according to an 14th embodiment. Fig. 78A is a top plan view and Fig. 78B is a sectional view. As shown, a plurality 
of CS electrode units 35 are arranged under the protrusions 20A. 20B. For a storage capacitor of a predetermined 
capacitance to be realized, a predetermined area is required of the CS electrode units 35. The combined area of the 
five units into which the CS electrode 35 is divided as shown in Figs. 78A and 78B coincides with the area of the CS 
electrode 35 shown of Figs. 77A and 77B. Further, in view of the fact that the CS electrode units and the protruaons 
20A 20B are all superposed one on another in Figs. 78A and 78B. the numerical aperture is not substantially reduced 
more than it would be reduced by the CS electrode alone. It follows, therefore, that the numerical aperture is not 
reduced by the provision of the protrusions. 

Figs 79A and 79B are diagrams showing an arrangement of the slits 21 of the electrodes 12. 13 and the CS elec- 
trode units 35 according to a modification of the 1 4th embodiment. Fig. 79A is a top plan view and Fig. 79B is a sectional 
view The slits 21 function as a domain regulating means and are preferably masked for preventing the light eakage 
therethrough. In this modification, the leakage light at the slits 21 is masked by the CS electrode units 35. Since the total 
area of the CS electrode units 35 remains the same, the numerical aperture is not reduced. 

Figs 80A and 80B are diagrams showing an arrangement of the slits 21 of the electrodes 12, 13. and the CS elec- 
trode units 35 according to another modification of the 1 1th embodiment. Fig. 80A is a top plan v.ew and Fig. SOB is a 
sectional view. This modification is identical to the aforementioned modification of Figs. 78A and 78B except that the 
protrusions are bent in zigzag. 

Figs 81A and 81B are diagrams showing an arrangement of the slits 21 of the electrodes 12, 13. and the CS elec- 
trode units 35 according to another modification of the 14th embodiment. Fig. 81A is a top plan view and Fig. 81 B is a 
sectional view. This modification represents the case in which the total area of the protrusions 20A. 20B is larger than 
the total areas of the CS electrode units 35. According to this modification, the CS electrode units are arranged at posi- 
tions corresponding to the edges of the protrusions 20A. 20B and not arranged at the centra! portion of the protrus.on. 
As a result, a minute domain having an orientation angle 90° different existing in the neighborhood of the top of the pro- 
trusion can be effectively utilized for a brighter display. 

The constitution in which the CS electrode is divided into a plurality of CS electrode unit can be adapted to a case 
in which the depressions (grooves) are used as the domain regulating means. 

The 14th embodiment described above can prevent the reduction in numerical aperture wh.ch otherwise might be 
caused by the domain regulating means used. . ■ ^, n4 

Fig 82 shows a protrusion pattern of the fifteenth embodiment. In this fifteenth embodiment, linear protrus.ons 20A 
and 20B are disposed in parallel with one another on the upper and lower substrates, respectively, so that when they 
are viewed from the surface of the substrates, these protrusions 20A and 20B orthogonally cross one another. The liq- 
uid crystalline molecules 14 are oriented perpendicularly to the slopes under the state where no voltage is applied 
between the electrodes but the liquid crystalline molecules in the proximity of the slopes of the protrus.ons 20A and 20B 
are oriented perpendicularly to the slopes. Therefore, the liquid crystalline molecules in the proximity of the slopes of 
the protrusions 20A and 20B are inclined under this state and moreover, the directions of inclination are different by 90 
degrees near the protrusions 20A and 20B. When the voltage is applied between the electrodes, the liquid crystalline 
molecules are inclined in a direction which is parallel to the substrates, but because the liquid crystalline molecules are 
regulated in the directions different by 90 degrees near the protrusions 20A and 20B, respectively they are tw.sted. The 
change of the image in the case of twisting in this fifteenth embodiment is the same as that of the TN mode shown .n 
Fios 2A to 2C Fig 2C shows the state when no voltage is applied and this is different only in that when the voltage is 
applied the state becomes the one shown in Fig. 2A. As shown in Fig. 82. further, four different twist regions are 
defined'in the range encompassed by the protrusions 20A and 20B in the fifteenth embodiment. In consequence, sew- 
ing angle performance is excellent, too. Incidentally, the directions of the twists are different among the adjacent 

re9 '°Figs 83A to 83D explanatory views useful for explaining why the response speed in the fifteenth embodiment is 
higher than that of the first embodiment. Fig. 83A shows the state where no voltage is applied, and the liquid crystalline 
molecules are oriented perpendicularly to the substrates. When the voltage is applied, the liquid crysta line molecules 
are inclined in such a manner as to twist in the LCD of the fifteenth embodiment as shown ,n Fig. 83B. In contrast, the 
liquid crystalline molecules at other portions are oriented by using the liquid crystalline molecules keep.ng touch with 
the protrusions as the trigger in the LCD of the first embodiment as shown in Fig. 83C. However, the hquid crystalline 
molecules near the centers of the upper and lower protrusions move irregularly when the orientation changes because 
they are not limited, and they are oriented in the same direction as shown in Fig. 83D after the Parage °J Is i certain 
period of time. Generally, the change speed of the twist of the LCDs is high not only .n the LCD of the VA system LCD 
using the protrusions, and the response speed of the fifteenth embodiment is higher than that of the first embodiment 

Fig. 84 shows viewing angle performance of the LCD of the fifteenth embodiment. This v.ew.ng angle performance 
is extremely excellent in the same way as that of the VA LCD of the first embodiment, and is naturally h,gher than that 
of the TN mode and is at least equal to that of the IPS mode. 

Fig. 85A is a diagram showing the response speeds with the change of the gray-scale at the 16th graduation. 32nd 
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aradation. 48th gradation, 64th gradation and black (first gradation) when 64-gradation display is effected in the LCD of 
the fifteenth embodiment. For reference. Fig. 85B shows the response speed of the TN mode Rg. 85C shows the 
response speed of the mono-domain VA mode in which the orientation is not divided and Fig. 85D shows the response 
speed of the multi-domain VA mode using the parallel protrusions of the first embodiment. For example, the response 
speed from the full black to the full white is 58 ms in the TN mode. 19 ms in the mono-domain VA mode and 19 ms in 
the multi-domain system, whereas it is 19 ms in the fifteenth embodiment, and this value remains at the same level as 
those of other VA mode. The response speed from the full white to the full black is 21 ms in the TN mode 12 ms m the 
mono-domain VA mode and 12 ms in the multWomain type, whereas it is 6 ms in the fifteenth embodiment, and th.s 
value is higher than those of other VA modes. Further, the response speed from the full to the 16th gradation is 30 ms 
in the TN mode. 50 ms in the mono-domain type and 130 ms in the multi-domain type, whereas it is 28 ms in the fif- 
teenth embodiment, and this value remains at the same level as that of the TN mode and is by far more excellent than 
the values of other VA modes. The response speed from the 16th gradation to the full black is 21 ms in the TN mode 
9 ms in the mono-domain type and 18 ms in the multi-domain type, whereas it is 4 ms in the fifteenth embodiment and 
this value is more excellent than the values of any other modes. Incidentally, the response speed of the IPS mode .s 
extremely lower in comparison with any other modes, and the response speeds from the full black to the full white and 
vice versa are 75 ms, the response speed from the full black to the 16th gradation is 200 ms and the response-speed 
from the 16 gradation to the full black is 75 ms. 

As described above, the LCD of the fifteenth embodiment are extremely excellent in both viewing angle perform- 
ance and the response speed. . .. . . _ 

Figs 86A and 86B shows another protrusion patterns for accomplishing the twist type VA system descnbed above. 
In Fig 86A protrusions 20A and 20B are interruptedly disposed in such a fashion as to extend orthogonally in two direc- 
tions on the respective substrates and not to cross one another, but to cross one another when they are viewed from 
the respective substrates. In this embodiment, four twist regions are formed in the different way from Fig. 82^The direc- 
tion of the twist is the same in each twist region but the rotating positions deviate from one another by 90 degrees In 
Fig 86B protrusions 20A and 20B are disposed in such a fashion as to extend orthogonally in two directions to the 
respective substrates and to cross one another but to deviate mutually in both directions. In this embodiment, two twist 
regions having mutually different twist directions are formed. 

In Figs 82 86A and 86B, the protrusions 20A and 20B disposed on the two substrates need not be disposed in 
such a fashion as to orthogonally cross one another. Fig. 87 shows a modification wherein the protrusions 20A and 20B 
shown in Fig 82 are so disposed as to cross one another at an angle other than 90 degrees. In this case. too. four twist 
regions having mutually different twist directions are formed, and the quantity of the twist is different between the two 

^Tu^hTrmTre, the same result can be obtained when slits are disposed in place of the protrusions 20A and 20B 

shown in Figs. 82, 86A and 86B. 

In the fifteenth embodiment shown in Fig. 82. there is no means for controlling the orientation at the center portion 
in the frame encompassed by the protrusions 20A and 20B in comparison with the portions near the protrusions, and 
the orientation is likely to be disturbed because it is far from the protrusions. For this reason, an elongated time is nec- 
essary before the orientation gets stabilized, and it is expected that the response speed at the ^P^ f ^.™» 
lower The response speed attains the highest at the corner portions of the frame because they are affected strongly by 
the protrusions serving as two adjacent sides. The influences of the orientation at the corner portions are transferred o 
the center portion, impinge with the influences of other twist regions and the twist regions are rendered def.nite and are 
stabilized. In this way, all the liquid crystals are not simultaneously oriented, but certain portions are first onented and 
then this orientation is transmitted to the portions nearby. Therefore, the response speed becomes slower at the center 
portion far from the protrusions. When the frame defined by crossing is a square as shown in Rg. 82 for example he 
influences are transferred from the four corners but when the frame defined by the crossing protrusions is the paral e^ 
oaram as shown in Fig. 87. the influences are transferred from the acute angle portions, where the influences of the 
protrusions are stronger, to the center portion. The influences impinge at the center portion and are further transferred 
tolTco^rs having 9 an obtuse angle. Therefore, the response speed becomes slower in the P^og™^ 
han in the square frame. To solve such a problem, a protrusion 20D similar to the frame ,s disposed at he center of 
each framed shown in Fig. 88. An excellent response speed can be obtained when, for ^^^S^ZTa 
and 20B has a width of 5 urn and a height of 1 .5 M m. the gap of the protrus.ons ,s 25 urn and the protrusion 20D is a 

^STh^^^^ the protrusion is disposed at the center of each frame of the protrusion 

pattern shown in Fig. 87. The same result as that of Fig. 82 can be obtained according to this arrangement, toa 
P In the constructions shown in Figs. 82, 86A, 86B and 87 wherein the protrusions 20A and 20B cross one anothen 
the thickness of the liquid crystal layer can be limited at the portions at which the protrusions 20A and 20B cross one 
anoETseWng the sum of the height of the protrusions 20A and 20B to a value equal to the gap of the substrates, 
that is. the thickness of the liquid crystal layer. According to this arrangement, the spacer need not be used. 
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TZZg^^n^Lr^ in conjunction with Fig. 1 2B and divided vertically and laterally uniformly. In realrfy 
r P rototype "was p deed by setting the distance between the electrodes to 3.5 micrometers, the sideways spec ng 
between prions 20A and 20B to 10 micrometers, and the height of protrusions to 5 micrometers. As a result, the 
J^ZZZ^c o, the pane, was of the same level as the one of the panel of the second embod.ment 

^Tgs" 254fand 254B show a modrfication of the sixteenth embodiment. Fig. 254A shows a protrusion pattern and 
Fig 254B is a sectional view. In this modffication. the arrangement of the matrix-like protrusions and the pyra^da pro- 
trusions o the sixteenth embodiment is reversed. In other words, the protrusion 20A disposed on the electrode 12 o 
~^^^Hw^««al whereas the protrusion 20B on the side of the TFT substrate 17 has a ^dimens.ona. 
math fomThe protrusion 20A is disposed at the center of each pixel 9 and the protrusion 20B ,s disposed ,n the same 
ritl as hat oMhe pixels and is disposed on the bus line between the pixels 9. Therefore, the hqu.d crys al is or.ented 
?n four d irection ^S ea^h pixel The domain is divided by the protrusion 20A at the center of the pixel as shown .n 
Fio 2s2b T^e ^prolusfon 20B disposed outside the pixe. electrode 1 3 divides the orientation at the boundary of the pix- 
e is as shoJ n in the draw ing. Purser, the edge of the pixel electrode functions at this portion as the domair n-egutet ng 
means ^ ^o ientation regulating force by the protrusion 20B and the orientation regulating force o the > ec ge of the 
Se. electrode coincide with each other. Consequently, the division of the orientation can be earned out stably In Mh* 
SSnttie distances between the protrusion 20A and the protrusion 20B versus the edge of the pixel electrode 
T 2 1e teat' SsSSTJiSJS protrusion 20A that exists inside the pixel, and the occupying area of the protrusion 
^t^S^SZ and disp lay luminance can be improved, though the response speed drops to a certain , extent 
Further the production cost can be reduced by forming the protrusion 20B by the formation process of the bus line 
hpcause the number of the production steps does not increase. 

Tthl aforesaid first to 16th embodiments, protrusions produced using a resist that isan instating material are 
used as a domain regulating means for dividing the orientation of a liquid crystal. In the embodiments, shape of he 
incNnS surfaces of the profusions are utilized. The insulating protrusions are very important m terms of he effect o, 
Suction of electric fields. A liquid crystal is driven using, generally, an alternating wave. With an increase in 
eXse^spe^ Jde iv^g from innovation of a liquid crystal material, influence exerted during one frame (during which 
aTcTwc) vSage is applied), that is, inf.uence predetermined by a DC wave must be taken into full consideration^ A 
drt n ^ wave for aTquid cTysta must exhibit both the characteristics of the AC and DC voltages and sabsfy th« . requ re 
S totti AC and DC voltages. The properties of the resist used to allow the driving wave for a liquid crystal t , exe t 
aTedete ^ned eSect of minimizing electric fields must be set in relation to the characteristics of the AC and DC volt- 
age! r2 the A^arS I DC characteristics. Specifically, the resist must be set to have properties effective ,n mmimizmg 
plprtric fields in relation to the AC and DC characteristics. 

Rom he liewpoint of the DC characteristic, the specific resistance p must be high enough to affec the res.s ance 
of a HauS crvstalZer Specifically, the specific resistance must be 10 12 ohms/cm or more so that .t w,l be equal to or 
targSn S?spSf i Stance of a NqSid crystal (for example, the specie resistance of a TFT^rive ..quid crystal ,s 
Lhout io" ohms/cm or more) Preferably, the specific resistance should be 10 13 ohms/cm or more. 

From the v"w?oin of the AC characteristic!^ capacitance (value determined by a dielectric constant « ck- 
ness and se^ioSarea) of a resist must be about ten or less times larger than the capacitance of a iquid-crys tal layer 
under the reS (with an mpedance of about one-tenth or more of the impedance of the liquid-crystal layer), so that he 
Sst ian eTr the Operation of minimizing electric fields in the liquid-crystal layer under the res.st. For example the 
of the resist is approximate* 3 or about one-third of the 

th P resist Thus the resist can affect the distribution of electric fields in the liquid-crystal layer. 

J SdHion tc an Sect exerted by the shape of the inclined surfaces created by the resist, the influence ofthe d s- 
tribu ion oTe°Jct ric uJte oan be utilized. This results in more stable and firm alignment. When a voltage .s appl.ed. quid 
^^SSSXXSit this time, the strength of electric fields in a domain in which the or,en,at.on of « .qu d 
crys a line moiQcuieb domain, liquid crystalline molecules aligned nearly vertically exist 

sX^Sfi . V^^XS^SSiLim general on Jo* sKes of the domain. When . higher voltage 
S ar£d, S liquid crystalline molecules in the orienta.ion<livided domain (on the resist) starts tilting. However, the 
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liquid crystalline molecules in the domains generated on both sides of the domain on the resist tilt in a direction nearly 
horizontal to the resist (this results in a very firm orientation). For establishing this state, the insulating layer (resist) o 
the orientation^ivided domain must have a capacitance that is approximately ten or less '^"j^" r °™. °' 
the liquid-crystal layer under the resist. A material exhibiting a small dielectric constant e should be adopted to realize 
the insulating layer, and the thickness of the layer must be large. This suggests an insulating layer having a dielectric 
constant c of approximately 3 and a thickness of 0.1 micrometers or more. The employment of an insulatjng layer having 
a smaller dielectric constant c and a larger thickness would exert a more preferable operation and effect In the first to 
16th embodiments, a novolak resist having a dielectric constant E of approximately 3 is used to form P*™ 1 ^ 
micrometers thick. Observation of orientation division has revealed that very stable alignment can be attanedJTie 
novolak resist is widely adopted in the process of manufacturing a TFT or CF. The adopt.on of the novolak resist would 
bring about a great merit (of obviating the necessity of additional facilities). 

Moreover, it is ascertained that the novolak resist is highly reliable as compared with other resists or a flattening 

material and has no problem. 

Moreover, when the insulating film is placed on both substrates, a more preferable operation and effect can be 

Aside from the novolak resist, an acrylic resist (. = 3.2) was checked to see if it would prove effective as an insulat- 
ing film The same results as those obtained by checking the novolak resist were obtained. For demonstrating that the 
influence of electric fields is very important, an ITO film was deposited on a resist and the aligned state of liquid crys- 
talline molecules was observed. The results were not so good as those obtained when the insulating film was used. 

In the first to 16th embodiments, an electrode is slitted or protrusions of insulators are formed on an electrode in 
order to divide the orientation of a liquid crystal. Other forms can be adopted. Some of the forms will be presented 

bel °Rgs 92A and 92B are diagrams showing the structure of a panel of the 17th embodiment. Fig. 92A is an oblique 
view and Fig 92B is a side view. As illustrated, in the 1 7th embodiment, protrusions 50 extending parallel to one another 
unidirectionally are formed on glass substrates 1 6 and 1 7, and electrodes 1 2 and 1 3 are formed on the substrates .The 
protrusions 50 are arranged to be mutually offset by a half pitch. The electrodes 12 and 13 are therefore shaped to 
oartlv iut out The surfaces of the electrodes are processed for vertical alignment. Using the thus shaped electrodes 
when a voltage is applied to the electrodes, electric fields are induced in a vertical direction. The orientation of a liquid 
crystal is divided into two directions with each protrusion as a border. The viewing angle characteristic of the panel is 
therefore improved as compared with a conventionally exhibited one. However, the distr.buti on of electric fields 
becomes different from the one attained when the protrusions are made of an insulating material. Only the effect of the 
shape of the inclined surfaces of the protrusions is utilized in order to divide the orientation. The stability of alignment 
is slightly inferior to that attained when the protrusions are made of an insulating material. However, as described 
above the protrusions provided on the electrodes need to be made of insulating material with low dielectric cons ant. 
Therefore the materials used to form the protrusions are limited. Further, various conditions must be satisfied to orm 
the protrusions by using those materials. This causes a problem in the production process. Contrar.ly, the panel struc- 
ture of the 1 7th embodiment does not have such limitation. 

Fig 93 is a diagram showing the structure of a panel of the 1 8th embodiment. In this embodiment, insulating layers 
61 formed on the ITO electrodes 12 and 13 are provided with depressions 23. As the shape of the depressions, the 
shapes of protrusions or slits of electrodes presented in the second to ninth embodiments can be adopted. In this case, 
an effect exerted by oblique electric fields works like the effect exerted by the protrusions to stabilize a'^nment 

Fia 94 shows a panel structure of the nineteenth embodiment. In this embodiment, electrodes 12 and 13 are 
formed on glass substrates 16 and 17, respectively, layers 62 each made of an electrically conductive material and hav- 
ing a depression (groove) 23A, 23B having a width of 10 um and a depth of 1 .5 urn are formed on these electrodes 12 
and 13 and vertical alignment films 22 are formed on these layers 62. Incidentally, the thickness of a hqu,d crystal layer 
is 3 5 urn and a color filter layer 39. a bus line, a TFT. etc. are omitted from the drawing. It can be observed that the 
orientation of the liquid crystal is divided at the recess portions. In other words, it has been confirmed that the depres- 
sion, too, functions as the domain regulating means. ^„,h 0 com.nr« 

In the panel structure of the nineteenth embodiment, the depressions 23A and 23B are disposed at the same pre- 
determined pitch of 40 um in the same way as in the case of the protrusions, and the upper and lower depressions 23A 
ancl 23B Se so disposed as to deviate by a half pitch. Therefore, the regions in which the liquid crysta. assumes the 
same orientation are defined between the adjacent upper and lower depressions. 

Fig 95 shows the panel structure of the 20th embodiment. In this 20th embodiment, layers 62 having grooves 23A 
and 23B having a width of 1 0 um and a depth of 1 .5 urn are formed on the glass substrates 1 6 and 1 7 by using a color 
ir(CF) resin respectively, electrodes 12 and 13 are formed on these layers 62. and vertical alignment films .are tur- 
ner formed on he electrodes 12 and 13. respectively. In other words, a part of each electrode 12, 13 Recessed. The 
pro rSbns 23A and 23B are disposed at the same predetermined pitch of 40 um whereas the upper and lower deprea- 
KalaTand 23B are so disposed as to deviate from one another by a half pitch. In this case. too. the same result as 
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that of the nineteenth embodiment can be obtained. Incidentally, since the structure having the depression is disposed 
below the electrode in this 20th embodiment, limitation to the material is small, and the material used for other portions 
such as the CF resin can be used. 

In the case of the protrusion and the slit, the orientation is divided in such a fashion that the liquid crystalline mol- 

s ecules expand in the opposite direction at these portions but in the case of the recesss, the orientation is divided in such 
a fashion that the liquid crystalline molecules face one another at the depression portion. In other words, the function 
of dividing the orientation by the recess has the opposite relation to that of the protrusion and the slit. Therefore, when 
the depression is used as the domain regulating means in combination with the protrusion or the slit, the preferred 
arrangement becomes opposite to the arrangements of the foregoing embodiments. The explanation will be predeter- 

w mined next on the arrangement when the recess is used as the domain regulating means. 

Fig. 96 shows an example of the preferred arrangements when the depression and the slit are used in combination. 
As shown in the drawing, the slits 21 A and 21 B are disposed at positions opposing the depressions 23 A and 23B of the 
20th embodiment shown in Fig. 95. Since the direction of the orientation division of the liquid crystal by the depressions 
and the slits opposing one another is the same, the orientation is further stabilized. For example, when the depression 

15 is formed under the condition of the 20th embodiment, the slit has a width of 1 5 urn and the gap between the center of 
the depression and that of the slit is 20 urn, the switching time is 25 ms under the driving condition of 0 to 5 V and 40 
ms under the driving condition of 0 to 3 V. In contrast, when only the slit is used, the switching time is 50 ms and 80 ms, 
respectively. 

Fig. 97 shows the structure wherein the depression 20A and the slit 21 A on one of the substrates (substrate 16 in 
20 this case) in the panel structure shown in Fig. 98, and the region having the same orientation direction is formed 
between the adjacent depression 20B and the slit 21 B. 

Incidentally, the same characteristics can be obtained by disposing the protrusion at the same position in place of 
the slit in the panel structures shown in Figs. 96 and 97, and the response speed can be further improved. 

Fig. 98 shows another panel structure wherein the depression 23B is formed in the electrode 13 of the substrate 
25 1 7 and the protrusions 20 A and the slits 2 1 A are alternately formed at positions of the opposed substrate 1 6 at positions 
facing the depression 23B, respectively In this case, the direction of the orientation becomes different between the set 
of the adjacent depression 23B and protrusion 20A and the set of the adjacent depression 23B and slit 21 A and con- 
sequently, the boundary of the orientation regions is formed in the proximity of the center of the depression. 

Figs. 99A and 99B are diagrams showing the structure of a panel of the 21th embodiment. As illustrated, the panel 
so of the 21th embodiment is a simple matrix LCD. The surface of each electrode is dented. The orientation of a liquid crys- 
tal is divided with each depression as a border. However, like the tenth embodiment, an effect of oblique electric fields 
is not exerted. The stability of alignment is little poor. 

As described above, the alignment dividing operation of depressions (grooves) is reversed to those of protrusions 
and slits. By using this relation, a ratio of domain areas can be constant regardless of assembly errors. Now, the inf lu- 
35 ence of assembly errors in the panel of the first embodiment will be described. 

Figs. 100A and 100B are sectional views of a panel in the first embodiment. As described already, a region where 
the orientation is regulated is defined by the protrusion 20A formed on the common electrode 12 and the protrusion 20B 
formed on the cell electrode 13. In Fig. 100A, the region defined by the right inclined side surface of the protrusion 20B 
and the left inclined side surface of the protrusion 20A is designated as a region A, and the region defined by the left 
40 inclined side surface of the protrusion 20B and the right inclined side surface of the protrusion 20A is designated as a 
region B. 

Assume that the CF substrate 16 is displaced leftward of the TFT substrate 17 due to an assembly error, as shown 
in (2) Fig. 1 00B. The region A is reduced, while the region B increases. Therefore, the ratio between region A and region 
B is not already 1 to 1 . The resulting proportion of liquid crystalline molecules divided in orientation is not equal, thereby 

45 deteriorating the viewing angle characteristic. 

Figs. 101 A and 101 B are sectional views of a panel according to a 22th embodiment. In the 22th embodiment, as 
shown in Fig. 101 A, a depression 22B and a protrusion 20B are formed in the TFT substrate 1 7, followed by forming a 
depression 20 A and a protrusion 22 A on the CF substrate 16. This process is repeated. As shown in Fig. 101 B. assum- 
ing that the CF substrate is displaced with respect to the TFT substrate 1 7 at the time of assembly, the region A' defined 

so by the protrusions 20B and 20A is reduced. Since the region A" defined by the depressions 22B and 22A is increased 
by the same amount as the region A* is reduced, however, the region A remains unchanged. The region B, which is 
defined by the protrusion 20B, the depression 22B, the protrusion 20A and the depression 22A, remains unchanged 
since the interval between them remains unchanged. Consequently, the ratio between the regions A and B remains the 
same and the superior viewing angle characteristic is maintained. 

55 Fig 102 is a sectional view of a panel according to a 23th embodiment. In the 23th embodiment, as shown, the CF 
substrate 16 is formed with the protrusions 22A and the depressions 20A alternately with each other. This process is 
repeated. The region A is defined by the left inclined side surface of the protrusion 20A and the right inclined side sur- 
face of the depression 22A, while the region B is defined by the right inclined side surface of the protrusion 20A and the 
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left inclined side surface of the depression 22A. In view of the fact that the orientation region is defined only by the pro- 
trusions and depressions formed on one of the substrates, the assembly accuracy is not affected. 

The foregoing embodiments are directed to obtain a great viewing angle in all directions. Depending on the appli- 
cation of the liquid crystal panel, however, there are the cases where the viewing angle need not be great, and a great 
5 viewing angle needs be obtained in only a specific direction. The LCD suitable for such an application can be accom- 
plished by using the orientation dividing technology by the domain regulating means described above. Next, several 
embodiments to which the technology of the present invention is applied for the LCDs for such specific applications will 

be explained. . 
Figs. 103A and 103B show the panel structure of the 24th embodiment. Fig. 103A is a top view and Fig. 103B is a 

w sectional view taken along a line Y - Y' of Fig. 1 03B. Linear protrusions 20A and 20B are disposed in the same pitch on 
substrates 16 and 17, respectively, as shown in the drawing, and these protrusions 20A and 20B are so situated as to 
deviate a little from the respective opposing positions. In other words, the region B is extremely narrowed in the struc- 
ture shown in Fig. 102 so that the regions are occupied almost fully by the region A. 

The panel of the twenty-fourth embodiment is used for a protrusion type LCD, for example. The viewing angle per- 

15 formance of the protrusion type LCD may be narrow, but a high response speed, a high contrast and high luminance 
are required for the protrusion type LCD. Since the orientation direction of the panel of the 24th embodiment is substan- 
tially in one direction (mono-domain), the viewing angle performance is the same as those of the conventional VA sys- 
tem and cannot be said as excellent. Nonetheless, since the protrusions 20A and 20B are disposed, the response 
speed is improved markedly in comparison with the conventional system, in the same way as the LCDs of the foregoing 

20 embodiments. As to contrast, the contrast of this panel is substantially equal to other VA system and is therefore supe- 
rior to that of the conventional TN mode and IPS mode. As has been explained already with reference to Fig. 27, the 
orientation gets distorted and leaking light transmits through the portions of the protrusions 20A and 20B, To improve 
contrast, therefore, the portions of these protrusions 20A and 20B are preferably shaded. As to luminance, on the other 
hand the aperture ratio of the pixel electrode 13 is preferably increased. Therefore, the protrusions 20A and 20B are 

25 disposed at the edge of the pixel electrode 13 as shown in Figs. 103A and 103B. This arrangement can increase lumi- 
nance without lowering the aperture ratio. 

From the aspect of the response speed, the gap between the protrusions 20A and 20B is preferably decreased but 
to attain this object, the protrusions 20A and 20B must be disposed around the pixel electrode 13. When the protrusions 
20A and 20B are disposed around the pixel electrode 13, these portions must be shaded, so that the aperture ratio 

30 drops as much. As described above, the response speed, the contrast and luminance have the trade-off relationship, 
and they must be set appropriately depending on the object of use, and so forth. 

Fig. 104 shows a structure for achieving an LCD panel having excellent viewing angle performance in three direc- 
tions by utilizing the technology of forming the mono-domain according to the 24th embodiment. In this structure, the 
protrusions 20A and 20B are disposed in such a fashion as to define two regions of the transverse direction in the same 

35 proportion and one region of the longitudinal orientation inside one pixel. The two regions of the transverse orientation 
in the same proportion are formed by so disposing the protrusions 20A and 20B as to deviate from one another by a 
half pitch as shown in Figs. 100A and 100B, while one region of the longitudinal orientation is formed by disposing the 
protrusions 20A and 20B adjacent to one another as shown in Figs. 103A and 103B. This structure can accomplish a 
panel which has excellent viewing angle performance on the right and left sides and on the lower side but has lower 

40 viewing angle performance on the upper side. 

The LCD such as of the 24th embodiment is used for a display which is installed at a high position so that a large 
number of people look it up from below, such as a display device disposed above a door of a train. 

As shown in Fig. 85C, the LCD of the VA system which does not execute the orientation division and the LCD of 
the VA system which execute the orientation division by the protrusions or the like, the response speed from black to 

45 white and vice versa is superior to that of the TN mode, but the response speed between the intermediate gray-scale 
is not practically sufficient The twenty-fifth embodiment solves this problem. 

Figs 105A and 105B show the panel structure in the 25th embodiment. Fig. 105A shows the shape of the protru- 
sion when viewed from the panel surface and Fig, 1 05B is a sectional view. As shown in these drawings, the position of 
the protrusion 20B is charged inside one pixel so as to define a portion having a different gap with the protrusion 20A. 

so In consequence, the proportion of the domain oriented in two directions can be made equal and the viewing angle per- 
formance is symme tric. When the structure shown in the drawings is employed, the response speed between the inter- 
mediate gray-scale can be apparently improved. This principle will be explained with reference to Figs. 106 to 109B. 

Fig 106 shows the structure of the panel manufactured for measuring the changes of the response speed and the 
transmittance depending on the gap of the protrusions. The protrusions 20A and 20B have a height of 1.5 urn and a 

55 width of 1 0 ^m, and the thickness of the liquid crystal layer is 3.5 jim. The response speed and the transmittance of the 
region of the gap d1 and the region of the gap d2 are measured by setting one of the gaps d1 of the protrusions to 1 0 
urn, changing the other gap d2 and changing also the voltage to be applied across the electrodes between 0V and 3 V 
corresponding to the intermediate gray-scale. 
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Fia 107 is a graph showing the result of the response speed measured in the way described above. This graph 
correSondl Z the one obtained by extracting the object portion shown in Figs. 20A and 208. As can be seen clearly 
from the graph, the response time drops as the gap d2 becomes smaller. 

Fig 1 08A shows the change of the transmittance when the applied voltage is changed by using the gap d2 as a 
parage Hg 108B shows the change of the transmittance when the voltage is changed from 0V to 3V by using the 
III ^^Tc. oarameter it can be seen from Figs. 108A and 108B that the response speed of the intermediate gradation 
Z be «2JE^ the gap d2 of the protrusion, However, the maximum transmittance drops 

Wh ^^is ^^^^^ time change of the transmittance at each gap <*. «d . Rg 109B 
explains Z^^change o?the liquid crystal. Assuming that the time befo ^ 

♦hr ma vim..m transmittance is an ON response time, the ON response time when d2 is 10 is Ton i. tne un 
response SSSS i is Ton 2 an£he ON response time when d2 is 30 ,un is Ton 3. they have a re,ationsh,p 

° f T °tU relson why^uch a difference occurs is because only the liquid crystals in the proximity of the protrusion are 
orient^ ^rticularly to the slope of the protrusion and the liquid crystals away from the protrus.cn are or.en ed per- 
penSariy to the electrode when the voltage is not applied, as shown in Fig. 1MB. When the voltage ,s *. 
HquW crystal is inclined, and the liquid crystal can take the tilt angle of up to 360 degrees with '"^J^**^ 
radicular to the electrode. The liquid crystal in the proximity of the protrusion ,s oriented when the voltage » not 
aSS and the" quW cr^tal between the protrusions is oriented in such a fashion as to extend along the former Jquid 
cSS«fte trigger. In This way is formed the domain in which the liquid crystals are oriented .n the same d,rect.on. 
Consequently, the closer to the liquid crystal to the protrusion, the more quickly it .s ; oriented. 

Asdescrtoed above the response time between black and white is sufficiently short .n the existing VA system LCDs 
and TlHSSpXiJL between the intermediate grayscale that becomes the problem. In the molitatti^ 
Sown in Figs. 105A and 105B. the transmittance in the regions having a narrow gap d2" changes within artnt tm 
w^eas the transmittance in the regions having a broad gap d2' changes gradually. The regions of the gap d2 are nar- 
SSXntoe^ons of the gap d2' and have a smaller contribution to the transmittance. but because the human eyes 
h^e togarHhm ^charaderistics the human eyes catch the change as a relatively large change when the transmmance 
Sregtns of the small gap d2" changes a little. Therefore, if the transmittance of the regions having a small gap d2 
chano.es within a short time, this change is caught as the drastic change as a whole. 

TdesaiEi above, the pane, according to the 25th embodiment can apparently improve the response speed 
between the intermediate gray-scale without lowering the transmittance. on . .,.„ 

Fig 110 shows the panel structure of the 26th embodiment. As shown in the drawing, the protrusions 20A and 20B 
aredisposed in an equal pitch on the substrates 16 and 17 and the electrodes 12 and 13 are formed on the protrusion^ 
TespSTin this^eth embodiment. However, the electrodes are not formed on one of the slopes of the protrusions 
SJSdMB and a vertical alignment film is further formed. The protrusions 20A and 20B are arranged in such a fash- 
2. 5 the slopes on which the electrode is formed and the slopes on which the electrode is not formed are advent 
Tone another in the region between the slopes on which the electrodes are not formed, the liquid crystals are oriented 
oeroendtoular y to the slopes, and the orientation direction is decided consequently. The electric f .eld m the quid crystal 

^tS^sX^ » nes in the drawin 9- since the iiquw crystais are oriented aio ^ ,his e,ec,r : c , e ^ *r 

SnSon due to the electric field in the proximity of the slopes, on which the electrodes are not formed, com- 
cides with the orientation direction due to the slopes. . 

In Z region between the slopes on which the electrode is formed, on the other hand, the hqud crystal .n the prox- 

imityo heX^ 

sdHto ertfrom the orientation direction due to the slopes. Therefore, the liquid crystal ,n th's reg.on is oriented halong 
he eledric fieW with the exception of the portions near the slopes when the voltage is appl.ed. Consequently the on- 
entatn directs " the two regions become equal to each other, and the mono-domain orientat.cn can be obta.ned. 
entation d r ^ 0 "^ n ,he ^ \ rtormance with respec , to contrast when a phase difference film hav.ng nega- 
tive delect! constant anisotropy and having the same retardation as that of the liquid crystal panel ,s .superposed with 
KSSSSih embodiment. A high contrast can be obtained over a broad 

when this panel is assembled into the protrusion type projector, the contrast ratio .s at least 300Jnc.de inta y. the con 
S ratio Stained when the ordinary TN mode LCD is assembled into the protrusion type prqector .s about 1 00. and 
it ran be aDDreciated that the contrast ratio can be drastically improved. 

?n tne case wSe a liquid crystal display device having a configuration with a protrusion pattern .s driven asm the 
first ^imenr the display quality is seen to deteriorate in the neighborhood of the bus line (gate^ bus hne : or data bus 
StSJSTli*, is d^eto theindesirable minute region (domain) formed in ^ ne Qhborhood o he bus .me and 
the resulting disturbance of liquid crystal orientation and reduced response rate. The problem thus is posed ota 
Su^ and a reduced color characteristic in half tone. This problem • solved ,n a 27th 

embodiment. 
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Fig. 112 is a diagram showing an example pattern for repeating the linear protrusions according to the embodi- 
ments as set above The protrusion pattern described above has a plurality of protrusions of a predetermined width and 
a p?2ietermineS heighWepeated at predetermined pitches. In Fig. 112. therefore, the width 1 and the .nterval m 
Lsume of L Protrusion assume the predetermined values of 1 1 and ml. respectively .n the shown examp^ the wtfth 
of the protrusion formed on one substrate is different from that of the protrusion formed on the other substrate. The pro 
JusionI formed on a substrate, however, have a predetermined width 1 . This is also the case wrth the protrus.on height 

h ' Fig 1 13 is a diagram showing the wavelength dispersion characteristic of the optical anisotropy of the crysta J 
used As shown, it is seen that the shorter the wavelength, the larger the retardation An. Thus, the retardation An 
inSasestn the order of blue (B) pixel, green (G) pixel and red (R) pixel, and different colors have d.fferent retardat.on 
An while Dassina through the liquid-crystal layer. This difference is desirably as small as possible. 

Fig m is a diagram showing a protrusion pattern according to a 27th embodiment of the invention. In the ; 27«h 
embodiment L blue (B) pixel 13B, the green (G) pixel 13G and the red (R) pixel 13R each have the same protrusion 
S U different protrusion intervals m. Specifically, the B pixel 138 has ml . the G pixel 13G m2 and the R pixel 1 3R 

013 intern, the larger the effect that the electric fie. vetfor ^^^^ 

molecules, thus making it more possible to alleviate the problem of the electric field vector at ^me o drive^F gj 15 
is a diagram showing the relation between the applied voltage and the transmittance as ^ { ^;^^ 
protrusion interval. It is seen that the larger the interval m. the larger the numer.cal aperture, and hence the transm.t- 
Snce S°nVroved. The wavelength dispersion characteristic of the optica, anisotropy of the hqu-d crystal is as ^showr ,n 
Rg 1 13 By changing the protrusion interval m for each color pixel as shown in Fig. 114. the difference of the retarda- 
tion for a particular color can be reduced An while passing through the liquid crystal layer for an improved color charac- 

tenS Fig 1 16 is a diagram showing a protrusion pattern according to a 28th embodiment of the invention. In the seventh 
embodiment, the blue (B) pixel 13B, the green (G) pixel 1 3G and the red (R) pixel 13R have the same protrusion interval 
m but different protrusion widths I. The effect is the same as that of the 27th embodiment. ,•„„,„,„• son, 

Fig 117 is a diagram showing a protrusion pattern according to an 29th embodiment of the invention. In the 29th 
embodiment the protrusion interval m in each pixel is set to a small value ml in the upper and lower reg.ons near to 
the gTbls ine and a large value m2 at the centra, region, .n the neighborhood of a bus line such as the gate bus line 
or the data bus line, a domain may occur at the time of driving and the liquid crystalline molecules fall 
suitable for display due to the electrical field vector, thereby deteriorating the display quality. According to the eighth 
Embodiment, the protrusion interval is narrowed in the region near to the gate bus line thereby to make rt drff .curt for the 
gTtefcis line to be affected by the electrical vector. As a result, the generation of an undesirable doma.n ,s suppressed 
for an improved display quality. However, a narrower protrusion interval reduces the numerical aperture accord.ngly and 
darkenTSe display From the viewpoint of numerical aperture, therefore, a larger protrusion interval is ^ommende^ 
The i protrusion pattern according to the eighth embodiment can minimize the reduction ,n numenca. aperture and 
reduce the effect of the electrical field vector generated by the gate bus line. 

Fig. 118 is a diagram showing the pixel structure in the case where the protrusion pattern according to the 29th 
embodiment shown in Fig. 1 1 7 is actually realized. 

Fig. 1 1 9 is a diagram showing a protrusion arrangement according to a 30th embodiment. As shown in Fig. 1 1 9. .n 
the 30th embodiment, the protrusion height is changed gradually. ^ «,„ ..^^manra 

Fig 120 is a diagram showing the change that the relation between the appl-ed voltage and the transmmance 
undergoes when the protrusion height is changed. Fig. 121 the change that the relation between the applied voltage 
and th ^conTrast undergoes when the protrusion height is changed. Fig. 122 the change of the transmittance ,n whrte 
r^el wtth respect to the protrusion height, and Fig. 123 the change of the transmittance in black level with respect to 
^l3SdnL These diagrams show the result of measuring the transmittance and the contrast in test equip- 
mem wilh the widS, and interval of the resist for forming the protrusion set to 7.5 ^ and 15 pm. respectively, the cell 
thickness to about 3.5 »im. and the resist height to 1 .537 nm, 1.600 nm, 2.3099 nm and 2.486 nm 

TOs m^asurementThows that the transmittance of white level (with 5 V applied) increases with .the .resist ^height 
This is considered due to the fact that the protrusion playing an auxiliary role in tilting the l,qu.d crystal is so - large that 
the I^W crystal is positively fallen. The transmittance (leakage light) in black level (without any applied vol age) also 
Ureases She protrusion height. This is not desirable as it works to deteriorate the black level. The con rast (ratio 
STJS luminance and black luminance) decreases with the protrusion height. It is therefore desirable to use a 
masking material for the protrusion and not to increase the protrusion height excessively 

Any way. the orientation of the crystal liquid can be changed by changing the P<°«™™^- ^7 h TZor 
supeTor Slay is made possible by changing the protrusion height for each color p.xel and thus adjusting the color 
cSraSeriS i by senin^the protrusion height appropriately in accordance with the distance from the busbne. For 
Se RpSor example, the protrusion height is increased, and decreased for the G pixe. and the B p.xel in that order. 
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or in each pixel, the protrusion height is increased in the neighborhood of the bus hne and lowered at the central port.on. 

The inventor has confirmed that the screen display can be accomplished without any prcUem *ven , *hen th ^pro- 
trusion heigh? is increased to the same ieve. as the cell thickness. As a result, the protrus.cn height .s set to the same 
Se as ^^he celtthickness as shown in Fig. 124A. or protrusions are formed at ^ 
states as shown in Fig. 1 24B so that the sum of the heights of the two protrus.ons .s the same as the cell th,ckness. In 
this wav the protrusion can play the role of a panel spacer. omtW ii 

ngs 125A and 125B are diagrams showing a protrusion pattern according to . * hat the^e 
ment as shown in Fig. 125A, the inclination of the side surfaces of the protrusion .s defined by the angle 0 that th ss.de 
Z^foln^ni the substrate (electrode). This angle is call* the taper ana.. According , tc 
assume that the taper angle 0 of the protrusion 20 can take several values as shown ,n Fig. 125B. Generally, the larger 
rnore satisfactory the orientation into which the liquid crystal.ine molecules fall. By changing £• 
2e7angle 6 therefore, the orientation of the liquid crystal can be changed. Thus, a superior display can be made , pos- 
s^e by chang ng the taper angle for each color pixel to adjust the color characteristic or by setting a proper taper angle 
T£Z£^^Z> distance from the bus line. For example, the taper angle 6 is set large for the " 
lellZ^ileG pixel and the B pixel in that order. Also, the taper angle e is increased « the neighborhood of the 
bus line and decreased at the central portion in a pixel 

tedewrbed above with reference to the sixth to tenth embodiments, the orientation regulation force of the protru- 
siont? ch^gtfby chang ng the protrusion interval, protrusion width, protrusion height or taper angle. It is therefore 
possL ttat mese colons are differentiated within a pixel or with different color pixels to partially ^erjate he 
o^tarweauSJon force of protrusions and thus to assure the viewing angle charactenst.c or response rate of the 
linuid crvstal as near to the ideal ones as possible. 

RetaS ton of the liquid crystal depends on the wavelength as shown in Fig. 1 1 3. Therefore an embodiment of he 
Hquid crystal panel which improves luminance of white display on the basis of this feature and accomplishes a high 
rpcnon^e sDeed for all the color pixels will be explained. . 

Trst wavelength dependence of the VA system will be explained briefly. Fig. 1 26 shows the change of a twist angle 
of a S^SlSyer due to the application of a voltage when a vertical orientation (VA) system "'^ crystal^ display 
panel ^1^1^ crystal having negative dielectric anisotropy (n type liquid crystal) is ported with the * twist angle. 
When no voltage is applied, the liquid crystal is oriented in a direction of 90 degrees on the surface of one of the sub- 
^rates ™?nd Z i a direction of 0 degree on the surface of the other substrate, so that the twist of 90 degrees .s attained. 
^tov^^MxZto this state, only the liquid crystalline molecules in the proximity of the surface of the 
^Sgo ^T,n Zt^ manner as to follow the anchoring energy of the substrate surface, but twisting 
Sa^o^SoWtaySs. Therefore, the mode does not substantially change to the rotatory polarization mode fTN 
mode) So the bJefringence mode. Fig. 127 shows the change of relative luminance (transmittance) to the change of 
thele ardato^ ^And W "m"in both the TN mode and the birefrigence mode. As shown in the graph, the birefringence 
SdTSS Z ^sXer' transmittance characteristics to And of the liquid crystal than the TN mode. As described above 
f^^M liquid crystal using the n type liquid crystal executes black display when no voltage ,. ap-phed and 
white display when the voltage is applied, by using the polarizer plate as the cross-Nico . 

Fio 128 shows the change of the transmittance to the change of And at each wavelength (R 670 nm Q 550 nm 
B- 45?nmf It cTbe appreciated from this graph that when the thickness of the liquid crystal layer « set to And at wh ch 
fumSnce in wtite dismay attains the maximum, that is, to And at which the transmittance attains the maximum at the 
wavelength 0^0 nm the transmittance at 450 nm becomes excessively low. Therefore, the thickness o the hquid 
crvsta Haver is set to a value smaller than the thickness determined from maximum lum.nance so as to restncl i coloring 
in wSX ay Therefore, luminance in white display is lower than that of the TN mode, and ,n order tc , oWair white 
CrnancXLlen, to that of the liquid crystal display pane, of the TN mode, f^^i^^^^^ 
To increase Tthis back-light luminance, however, power consumption of illummation must be increased, and the range of 
2p^o?££m- I. limited. When the thickness of the liquid crystal layer is *™^J™^££Z 
fuminance. the transmittance becomes excessively low at 450 nm in comparison with the TN mode, and the panel ,s 

"'^e^hfitn^Sgle range, on the other hand, it has been customary to add a phase difference film, but 
m TZ b ^^^ me thickness of the liquid crystal layer of each color pixel is individually set so that the 

F^S showsThe change of the liquid crystal response speed to the gap of the protrus.ons or the slits when And 
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of the liquid crystal layer is set so that the maximum transmittal can be obtained at the three w ^ f 
described above. The liquid crystal response speed becomes lower as the thickness of the ^ be ~™* 

qreaterTn the VA system LCD panel which controls the orientation by using the P rotrus,on. the liquid crystal response 
speed changes with the dielectHc constant of the protrusion, the shape of the protrusion, the protrusion gap. and so 
ZTSwS* when the die.ectric constant, the shape of the protrusion and its height are constant the response 
spee^ 

response speed of 25 ms. for example, in Fig. 129. the gap of the protrusions or the slits must be set to 20 urn for the 
R pixel. 25 urn for the G pixel and 30 urn for the B pixel. 

Fig. 1 30 shows the change of the aperture ratio with respect to the protrusion or slit gap. When the gap of the : pro- 
trusions or the slits is set to 20 M m for the R pixel. 25 urn for the G pixel and 30 urn for the B pixel from F,g. 129 the 
transmittance is 80%, 83.3% and 85.7%. respectively, and the differences occur in the transmittance. 

Tlw of this point the 32nd embodiment individually sets the thickness of the liquid crystal layer of each , olor ax* 
so that the transmmance attains the maximum when the driving voltage is applied, the response speed ,n each color 
p!xe?S rendered coincident by regulating the gap of the protrusions, and the area of each color pixel is changed so that 

^ TITS^S^S^ of the 32nd embodiment. As shown in this drawing, a 

the R pixel portion but having the G pixel portion having a thickness of 0.55 urn and the B pixel porbon having a th ck- 

nesso"^ 

uSbn for the VA system birefringence mode using the n type liquid crystal. Further, the height of the protrusion 20 A * 
set^ 

to 20 ^m forth e R pixel. 25 ^ for ft. G pixel and 30 ^ for the B pixel. The area ratio of the B pixel: G p.xehR pixe! ,s 
set to 1 -1 031 07 In other words, the pixel areas are so set as to satisfy the relation R pixel > G pixel > B pixe . 

The s^iSre 71 uses an acrylic resin, and after a resist is applied to a thickness of 1.4 ^ the B pixel a pro- 
trusion having a width of 5 urn is formed by photolithography. After a vertical alignment film is applied, a 3* Mm spacer 
is spayed to form a seal, and after bonding and curing of the seal, the liquid crystal is charged. In this way, the thickness 
of the liquid crystal layer is 5.7 M m for the R pixel, 4.6 urn for the G pixel and 3.6 urn for the B pixel. 

Fiq 1 32 shows the panel structure of a modKication of the 32th embodiment, wherein a protrusion is formed on the 
CF suL ate 1 6 and a sEt 21 is formed on the pixe. e.ectrode 13 of the TFT substrate 1 7. In this modification. anacry,,c 
resin structure 71 not having the R pixel portion but having the G pixel portion hav.ng a thickness of 1.1 nm and the B 
SpoS having a thickness of 2 1 urn is provided to the CF substrate 16. After a resist ,s applied to a thickness of 
T 4 lm foSe B pixel, a protrusion having a width of 5 ,un is formed by photolithography. As a result, the heigh of the 
orotSon is 3 5 Em for the R pixel. 2.5 ^ for the G pixel and 1 .4 ^m for the B pixel. The gap between the protrusion 
20A an? me slif is^eUo 20 ,m for the RpM, 25 ^m for the G pixe. and 30 „m for the B pixel. The area ratio of the B 

^bSiphTe value: 320 nm) in match «Kh nd of the liquid crystal layerof the G pert 

is add^ he panels of the 32th embodiment and to its modification produced in the manner described above, and 
he coS Sfference ts measured for each of the pane, transmittance, the viewing angle and the ^"O^""?" 
0 to 80 deqre es) T he results are shown in Fig. 249. By the way. the measurement results obtained by changing the 
NcknTs ofie liquiS c ystal layer in the prior art example are a.so shown in Fig. 249 as the reference values. 
th ' C AfinbT airec Jed from Fig. 249 the transmittance (luminance) in front can be increased by increasing , the 
thicknesTof the liquid crystal layer to improve the transmittance as represented by the pr.or art example 1 , but because 
£e fength ofVhe Sea. path gets elongated in the direction of the critica. angle, the transmittance of the square wave- 
en t ^ftctuatesgSy and L co.or difference becomes great. In contrast, in the panels of the 32th ernbodmien, and 
te SiSfo tL gap of the protrusions or the slits is narrowed for the R and G pixels so as to make unrform he 
r^se^peed oi theEquid crystal, and the transmittance becomes lower than that of the pnor art example 2 as the 
Sre raEo^ lower Nonetheless, because the thickness of each liquid crystal layer is ^J^J^STS 
aEs The ^imum when the drrving current is applied (white display), the color difference in the direction of the cr.t- 

iCa ' t2 8 p2SScX to the 32th embodiment and its modification can brighten white luminanc* ,tc Mhs .level equal 
to the TN I mode without causing coloration of the panels in.the broad range of the v.ew.ng ang es Because the liquid 
^Jl^Zee* is made uniform so as to correspond to the thickness of each liquid crystal layer, display can be 
obtained with high color reproducibility even when dynamic image display is made. 

ITO lim Ztomed. then, a resist is coated on the surfaces and is patterned »ith a ph«ol,»Qraph,. Thrs process ,s 

pa<;ilv carried out bv using conventional techniques. tpt 

Ho^eveT ?hYs process needs a step of creating the pattern of protrusions. If protrusions oan beformed on the TFT 
subside by utilizing the conventional process as it is, an increase in number of steps can be avoided. For forming insu- 
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lating protrusions, it is thought that an insulating layer used in the conventional process is further patterned in order to 
leave the pattern of protrusions intact. For creating conducting protrusions, a conductive layer used in the conventional 
process is further patterned in order to leave the pattern of protrusions intact 

Fig 133 is a diagram showing the structure of a TFT substrate in the 33th embodiment. The thirteenth 33th pro- 
vides a structure in which an insulating layer used in the conventional process is utilized for ^^"BP^ 
sions In this structure, the ITO electrodes 13 are formed first. An insulating layer is formed on the TO electrodes and 
portions of the insulating layer coincident with the ITO electrodes 13 are removed. At this time, portions of the insuring 
°ayer coincident with protrusions 68 are left intact. The gate electrodes 31 are then formed. An insuMng layer ,s formed 
and portions of the insulating layer other than necessary portions are removed. At this time, if the protrusions are 
required to have a certain thickness, portions of the insulating layer coincident with the protrusions 68 are left intact. 
Thereafter data bus lines and TFTs are formed in the same manner as a conventional process. In the drawing, refer- 
ence numeral 41 denotes a drain (data bus line). 65 denotes a channel protective film, 66 denotes a wir.ng layer used 
to separate devices, and 67 denotes an operating layer for transistors. The ITO electrodes 13 and sources are linked 

^ h Fiqs 134A and 134B are diagrams showing examples of a pattern of protrusions manufactured according to the 
process described in conjunction with the 33th embodiment. Fig. 134A shows linear and parallel protrusions used to 
divide an orientation-divided domain into two regions, and Fig. 1 34B shows zigzag protrusions used to divide air orien- 
tation-divided domain into four regions. In the drawings, reference numerals 68 denotes a protrusion, and 69 denotes 

8 P "Fig 135 is a diagram showing the structure of a panel of the 34th embodiment. The 34th embodiment provides a 
structure in which a conductive layer used in the conventional process is utilized for forming conducting protrusions. In 
this structure, first, a TFT light-interceptive metallic layer 70 for intercepting light from TFTs is formed, an insulating ayer 
is formed on the metallic layer 70, and ITO electrodes are formed thereon. An insulating layer is formed furthe thereof 
data bus lines and TFTs are then formed, and an insulating layer is formed further thereon. A layer o gate electrodes 
31 is then formed. The insulating layer is removed except portions thereof coincident with the gate electrodes. At this 
time portions of the insulating layer coincident with the protrusions 20B are left intact 

Fiqs 1 36A and 1 36B show examples of a pattern of protrusions manufactured as described in conjunction with the 
34th embodiment. Fig. 136A shows linear and parallel protrusions used to divide-an orientation-divided domain into two 
regions, and Fig. 136B shows zigzag protrusions used to divide an orientation-divided domain into four regions. In the 
drawings, reference numeral 20B denotes a protrusion. Reference numeral 35 denotes a CS electrode. The CS elec- 
trodes 35 are extending along the edges of pixel electrodes so as to work as black matrices, but are serrated from the 
protrusions 20B. This is because the CS electrodes 35 apply a certain voltage to the pixel electrodes (ITO electrodes) 
13, and that if the voltage were applied to the protrusions 20B, alignment of liquid crystalline molecules would be 

"^B^aM ? 137D show a process for manufacturing the TFT substrate of the panel of the 35th embodiment. As 
shown in Fig 137A, the gate electrode 31 is patterned on the glass substrate 17. Next, the SiNx layer 40, the amor- 
Ph™ 3icon(o Jsi) layer^ and the SiNx layer 65 are serially formed. Further as shown in Fig. 137B. he S.Nx ayer 
65 is etched to the a-Si layer 72 in such a fashion as to leave only the portion of the channel protect '"9^. The n a- 
Snjerand the TtfAim .ayer corresponding to the data bus line, the source 41 and the drain 42 are formed and etoh.ng 
is then so made by patterning as to leave on.y the portions corresponding to the data bus line the sourc > 41 anc the 
drain 42 After the SiNx layer corresponding to the final protecting film 43 is formed as shown in F,g. 137D, etching is 
S made to the surface of the glass substrate 1 7 in such a manner as to leave the portions 43B and 40B correspond- 
ng toTe portion necessary for insulation and to the protrusions. At this time, the contact hole of the source £ec*ode 
41 and the pixel electrode is formed simultaneously, too. Further, the ITO electrode layer is formed and patterned 
thereby forming the pixel electrode 13. Therefore, the height of the protrusion is the sum of the SiNx layer 40 and the 

™%!^£ll^L structure of a mediation of the panel of the 35th embodiment, and when the SiNx flayer cor- 
responding to the final protecting film 43 is etched, etching is made up to the upper surface of the SiNx layer 40. There- 
fore the heiaht of the protrusion is the thickness of the final protecting film 43. 

Fiqs 139A to 139E show a process for manufacturing the TFT substrate of the panel of the 36th embodiment. As 

and patterned to form the pixel electrode 13. The SiNx layer 40, the amorphous silicon (a-S.) layer 72 and the &Nx 65 
are serii formed as shown in Fig. 1 39B. Further, the SiNx layer 65 is etched up to the a-Silayer 72 ,n sue i ifash»n 
as to leave only the portion of the channel protecting film. The n* a-Si layer is further formed. As shown in Fig. 139C 
"cSngTthenmade'up to the surface of the pixel electrode 13 in such a fashion as to l"^""^^ 
and the portion 40B corresponding to the protrusion. The Ti/AI/Ti layer corresponding to the data bus line, the source 
I arS EX, 42 is formS as shown in Fig. 139D. and is then patterned in such a fashion as to 
lions corresponding to the data bus line, the source 41 and the drain 42. The n* a-S. layer and the o-Si 72 are etched 
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by using the data bus line, the source 41 and the drain 42 as the mask. After the SiNx layer corresponding to the final 
Meeting film 43 is formed as shown in Fig. 139E. etching is made up to the surface of the p.xe. electrode 13 ,n such 
a fashtn as to leave the portion necessary for insu.ation and the portions 43B and 40B corresponds to the protru- 

5 S ' 0n The explanation predetermined above explains the embodiments relating to the manufacture of the protrusion MB 
on the side of the TFT substrate 1 7. but there are various modifications depending on the structure of the TFT substrate 
Tl anc Hhe Hke In any case, the production cost can be reduced by manufacturing the protrusion by conjo.nt.y using 
the manufacturing process of other portions of the TFT substrate 17. 

As has been explained already the protrusion of the dielectric material disposed on the electrode has the advan- 
,o tage that stable orientation can be obtained because the direction of regulation of the orientation by the s ope comades 
wi5i the direction of regulation of the orientation by the electric field at the protrus,on portion. However, the profusion 
S ihe dielectric material disposed on the electrode and the alignment film is formed on the protrusion. For this reason, 
he insIS oT heTquid crystal cell becomes asymmetric between a pair of electrodes, and the charge ,s likely to stay 
S^applira'on of the voltage. In consequence, the residua. DC voltage becomes high, and the problem of so-called 

15 "burn" occurs if the area of the projection is relatively large. 

Fias 1 40A and 1 40B show the relationship between the thickness of the dielectnc matenal on the electrode and 
the residual DC voltage. Fig. 140A is a graph showing this relationship and Fig. 140B shows 

to the thickness d of the dielectric material and the position of the occurrence of burn The vertica [* [ W™"^™J* & 
too. is the dielectric material, and the sum of the height of the protrusion and the vertical alignment f.lm 22 corresponds 
20 o the thickness d of the dielectric material as shown in Fig. 140B. The residua. DC voltage increases with the increase 
of d as shown in Fig. 1 40A. Therefore, burn is likely to occur at the portion of the protrus.on 20 shown .n Fig. 1 40B. This 
also holds true of the case where the dielectric depression is formed on the electrode as in the eighteenth embodiment 
shown in Fig 93. The 37th embodiment to be explained next is directed to prevent the occurrence of such a Problem^ 

Ftas 141A and 141B show the structure of the protrusion in the 37th embodiment. Fig. 141 A ,s a perspective v.ew 
25 of the protrusion 20 and Fig. 1 41 B is a sectional view. As shown in these drawings, the protrusion 20 has a w.dth of 7 
urn the width ™ its upper surface is about 5 urn and its height is about 1 to 1.5 >xm. A large number of f.ne pores are 
formed on this upper surface, and each fine pore has a diameter of not greater than 2 jim 

Figs. 1 42A to 142E are drawings showing a method of forming the protrusion (on the side * the CF subs . rate) hav- 
ing such fine pores. As shown in Fig. 1 42A, the glass substrate having the opposed I electrode 12 of «»ITO«™ ^med 
so thereon is washed. A photosensitive resin (resist) is applied and is then baked to form a resist layer 351 as shewn n 
Fig 142B A mask pattern 352 permitting light to transmit through the portions other than the protrus.on and the pore 
portions is bought into close contact with the resist layer 351 and then exposure is effected. The protrusion 20 shown 
Tn Fig. 142D is obtained by then carrying out development. When baking is made further, the protrus.on 20 undergoes 
shrinkage, and the side surface changes to the slope as shown in Fig. 142E. 

When the substrate having the fine pores formed in the protrusion described above and the .substrate not having 
the pores are assembled and the residual DC voltage is measured by a fheker erasure method (DC. 3 V. AC. 2.5 V, tern 
perature: 50 C, DC application time: 10 minutes), the residua. DC voltage is 0.09 V when the fine pores are form* I and 
is 0.25 V when they are not formed. Because the residual DC voltage is reduced in th.s manner, seizure becomes more 

<o diffiC T^eMq 0 u C 5" crystalline molecules are oriented perpendicularly to the slopes of the protrusions, etc. and to the electric 
fieldThas been found out, however, when the gap of the protrusions becomes smaller to the size "PP™^*£> 
ne pores the liquid crystalline molecules are not oriented to the slope of the fine portions. Therefore the quic I crys- 
mSZmZ*™ affected at the upper surface portion of the protrusions by the influences of the orientation due to 

the slooes on both sides and are oriented along this orientation. 

the slopes ^on bot^ ^ ^ ^ ^ ^ embodiment |n ^ 38th embodirnen t. a groove havmg a .width 

of 3 Z and a small thickness is disposed below the protrusion 20B having a width of 7.5 urn on the TFT substrate s-da 
F a cbroZ shading layer 34 is disposed below the protrusion 20B. Such a protrusion 20B can be manufactured 
L the same me hi as that of the 37th embodiment. When the residual DC voltage is measured for the protrus.on 
^S^^SZtK^mt. it is 0.10V. and the result substantial* equa. to that of the 37th embodiment can be 

50 0bt 1nte protrusion structure of the 38th embodiment, the liquid crystalline molecules are not oriented at th^ , groove 
oort onVn the direction perpendicular to the substrate when no voltage is applied, and the vertical or.entat.on property 
gS deieriSra!^ in some cases. However, because the shading film 34 is disposed, leaking light due to abnormal or,- 
pntation at this portion is cut off and does not invite the drop of the contrast. 

55 Next Te sh^e o, a section of a resist was examined. Norma.ly, the resist has a section hke the 

144A immediately after completion of patterning. However, in the mode of the present .nventio n a^'"^ 3 ' * e *™ 
navin g raVher smooth slope contributes to more stable alignment. Substrates immediately after being patterns were 
bated at 200'C whereby the sectional shape of the resist was changed into the one shown ,n F,g. 144B. Figs. USA to 
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USE are diagrams showing a change in sectional shape of the resist deriving from a change in temperature at which 
the%tternS rList is baked. Even when the baking temperature was raised to 1 50°C or more, a further change .n sec 

t,0n Tat ToHhVrTa^ns why the resist was baked at 200°C. aside from a reason that the; sertiona '! h ^ 0 !^ . r ^ S ' 
is intended ta be changed, there is another important reason. That is to say. when the resist employed m the Prototypes 
s" bTkedCmahy S 1 35»C for 40 min.). it is melted while reacting upon a solvent applied to an ahgnmen, f,lm. In hjs 
tSSS^M is baked at a high enough temperature before the alignment film is formed, and thus prevented 

'™ n?ht^^ is baked at 200»C in order to make the sectional shape of the resist cylindrical. 

Data ttiat has be en desC ribed so far was acquired using the pattern of protrusions whose sect.onal shape is cyl.ndr cal. 

In tne foreX Samples, the sectional shape of a resist is made cylindrical by optimizing the bakmg temperature. 
DepSii^XTfnlS of a resist, the resist becomes cylindrical naturally. Figs. 146A to 146C are diagrams show- 
L^^a£2p* between the line width of a resist and the sectional shape thereof. When the hne w,dth ,s about 5 
mJ omSs the resist has a preferable cylindrical shape naturally. Presumably, therefore jrtien the hne w^hjs about 
7 m cramete s or less, a resist having a naturally cylindrical sectional shape can be formed. In an ex.st.ng d.splay the 
HnT width of 5 micrometers can actually be adopted. Depending on the performance of an exposure dev.ce. even when 
the line width is in the unit of submicrons. the same alignment can be thought to be attained in principle. 

ZZ a protrusion is used as the domain regu.ating means, furthermore, it becomes necessary to form a verbal 
alionment film thereon. Figs. 147A and 147B are sectional views of a conventional panel usmg protrusion as a domain 
SXg means and illustrates the protrusion. Referring to Fig. 147A. on the substrates 16 and 17 are formed colo 
Ss and bus lines as well as .TO electrodes 12 and 13. Protrusions 20A and 20B are formed thereon, and vertica. 
alignment films 22 are formed on the ITO electrodes 12 and 13 that include the Protrusions, » A *£J»J 

When the protrusion is formed by using the positive-type photores.st such as a TFT flattening agent HRC-135 man 
ufacTed I by JSR Co. the surface exhibits poor wettability to the vertical alignment film, expels the material of the verti- 
cal Snment f Hm that is applied, and makes it difficult to form a vertical alignment film on the surface of the protrusion. 
Z Uls ToZ^coJL. Therefore, it causes a problem in that no vertical alignment film 22 ,s formed or Uhe su, 
faces of the protrusions 20A and 20B. The protrusions 20A and 20B having no vertical alignment film 22 formed on the 
S^M^Z help obtain a desired orientation. Therefore, light-leakage occurs from the protrusions to dete- 
riorate the aualitv of display. A 39th embodiment is to solve this problem. .... 

l^inTto is 39tti embodiment, the surface of the protrusion is treated so that the matenal of the vertical a gn- 
menS eSradheres onto the surface of the protrusion. As the treatment lor enabling the materia, of the^ vertical 
aTgnment fihn to easily adhere to the surface of the protrusion, it can be contrived to form f.ne ruggedness on the sur- 
face S protrusion so that the material of the alignment film can be favorably applied thereto, or the wettability of the 
can be enhanced relative to the material of the vertical alignment film. When f.ne ruggedness 
1 SmeS on *e su^ce of the protrusion, the liquid of the alignment film stays in the concave port.ons, and the matenal 
SnSn^Sn^i exp'lled by the surface of the protrusion. The ruggedness can he formed by either a chem- 
ical treatment or a physical treatment. As the chemical treatment, ashing can be effectively employed. 

Fios 148A to 148C are diagrams illustrating a method of forming protrusions accord.ng to a 39th embedment 
bas^on ^JSrnent Referring to Fig. USA. a protrusion 20 is * 

trode 13 (which, in this case, is a pixel electrode 13 but may be an oppos.ng electrode 12). The pro truaon 1 20 has he 
shC of for example, a stripe of a width of 10 »ro and a height of 1.5 urn. The protrus.on .s annealed to assume the 
sSe o a dome^cross section. The surface of protrusion on the substrate is subjected to the ash.ng treatment us.ng 
SSZ^&Zm asher. Through the plasma ashing, fine dents are formed on the surface of Jep^« 
s^™ in Fig. 148B. The thus obtained substrate is washed, dried, and onto wh.ch a vertical <wjrt«wj«ta _* 
appled by using a printer. Due to the effect of ruggedness formed on the protrus.on, the onentat.on ^mber^ not 
expelled and a vertical alignment film is formed on the whole surface of the protrus.on as shown .n F,g. 148C. Thene- 
aSf the prSeVng is executed in the same manner as that of the ordinary multi-domain VA systenr The thus obtamed 
S ^display device exhibits favorable display properties without defect that stems from the expuls,on of the 

a ' i9n r o n thel example of the ashing treatment will be an ozone ashing treatment exhibiting the same effect as that of the 

^SSS^^ of forming ruggedness. the substrate is washed with a brush by using a substrate washing 
machYne afte? he protrusion has been annealed. This forms ruggedness in the form of stripes on the P^»"^ h * 
IS o he method of physically forming ruggedness include effecting the rubbing by using a rubb.ng dev^e as 
S in %% U9A and transferring ruggedness of a roller 103 by pushing the rugged roller 1 03 onto the substrate on 
which the protrusion 20 has been formed as shown in Fig. 1 49B. „ Hal ,, lih , „« . ho C1 lrf! , r p 

Fig 150 is a diagram illustrating the irradiation with ultraviolet rays in order to enhance the wettab.h* of the .surface 
of the prdrusfon relative to the material of the vertical alignment film. As described above, a protrus.on 20 same as that 
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of Fiqs 1 48C is formed on the substrate by using a photoresist. By using an excimer UV irrad.afton apparatus, th > sub- 
s ra el irradiated with ultraviolet rays of a main wavelength of 172 nm in an environment .n which an oxygen concen- 
SS« 20% in a Josage of 1000 mW. This helps ^^^1^2^^ 
substrate and of the protrusion relative to the material of the vert.cal al.gnment Hm. The thus obtained substrate is 
wfshed dried and is coated with the vertical orientation member by using a printer. Since wettability has been 
rmpr^ed byThe irradiation with ultraviolet rays, the orientation material is not expelled, and the vert.cal al.gnment l m 
"Zed on the whole surface of the protrusion. Thereafter, the processing is carried out in the same manner as that 
S the o^inary domain VA system. The thus obtained liquid crystal display device exhib.ts favorable display prop- 
erties without defect that stems from the expulsion of the alignment film. 

Fias 151 A and 151 B are graphs illustrating a change in the expulsion factor of the material of the vertical al.gnment 
film of Se he Condons are changed in which the protrusion formed of a photoresist is irradiated wrfh ultrav.o.e rays 
SJ 1^T£SZ**nQ a relationship among the wavelength, dosage (radiation quantity) and expulsion factor 
fmenent £cur rZce ratio) Ultraviolet rays having a wavelength of not longer than 200 nm are effect.ve. When the 
^e^n^3er M0 nm. the improvement is accomplished to only a small degree. When , the > ultrav.olet rays 
hTe a wavetenS o not longer than 200 nm, furthermore, no expulsion (repellent) occurs with ,he dosage o I 1000 
Stat Rc M51B is a graph illustrating a relationship between the oxygen concentration and the expulsion factor of 
^*J!^^**Em with ultraviolet rays having a wavelength of not longer than 200 mn w.th j ■ ,d asage of 
Tooo mJ/cm 2 . In an environment where the oxygen concentration is low, ozone is not generated .n suff.c^nt amounts 
and the improvement is accomplished little. It is therefore desired that the protrusion is .rrad.ated w.th ultrav.olet rays 
having a wSeSh of not longer than 200 nm in an environment in which an oxygen concentrat.on ,s not lower than 
20% with a dosage of not smaller than 1 000 mJ/cm 2 . 

As an apparatus for generating ultraviolet rays having a wavelength of not longer than 200 nm. there can be used 
a low-oressure mercury lamp in addition to the above-mentioned excimer UV irradiation apparatus 

Tn Z ^above^meroned processing, the substrate was washed and dried after irradiated with ultraviolet rays. How- 
mm ^JSS^lT^M with ultraviolet rays after it has been washed and dried. In this case, s.nce the pro- 
,Tuin!s irradiated with ultraviolet rays just prior to printing an alignment film thereon, wettability « not impaired by 
beino. left to stand after it is irradiated or by washing. . 4 -i„. „„u.-rn at r 

Repe lence on the protrusion can be drastically improved if a silane coupling agent, an al.gnment Urn solvent etc. 
are Sieo^^JJSionment film is applied, and then the alignment film is formed^ More concretely, the substrate 
is baS Znealed) and the shape of the protrusion is turned into the semicylindrical shape as shown in F.g. 146. Atter 
his sSsSeTs Sshed, hexamethyldisilane (HMDS) is applied by using a spinner. A vertical orientation material is 
InniSd Totl luSratebv using a printing press. In this way, the vertical alignment film is satisfactorily formed on the 
SrfaS 5££l^nS^ N-meV-Pyrrolidone (NMP) may be applied in place of HMDS. Further, printing 
of the vertkS alignment film may be carried but in a sealed NMP atmosphere and in th,s case. too. the vertical align- 
ment f Jm c?n ta ta£d uLacWly on the surface of the protrusion. Various solvents are available as the solver, to 
b?wL before the formation of the vertical alignment film, and gamma-butyrolactone. methyl ce.loso.ve. etc, as the 

^^"SSS ex P ,aining an examp.e of the production method of the protru- 
sion i^heSrembedimenrand represents an example wherein the protrusion is formed by a mater.al dispersing 
me^n "ne ParticleV(parfculates) (example of the CF substrate side). As shown in Fig. 1 52A a pos.tive type photosen- 
^tZ^^^^Mvl 5 to 20% of fine alumina partic.es having a grain size of not greater than a 5 ^m in 
m^TsffS onto the electrode 12. The resist 355 is exposed and developed by using > ^ » 
shata he protrusion portion, as shown in Fig. 152B. After baking is carried out, a protrusion 20A shown in F 1*1520 
can* oMain«J The fine alumina particles 357 protrude from the surface of this protrusion 20A and fall off from the 
s^ace Sform holes. In other words fine concave-convexities are formed on the surface of the protrus.on 20A. For this 
reason wettability can be improved when the vertical alignment film is applied. ^ ^ , 

T^^n^se ttie number of concave-convexities on the surface of the protrusion in the embodiment described 
above EEra^TETfln; aLina particles to be mixed with the resist must be increased. When the prop£on 
*Z fin ^^lurnTna oarticles exceeds 20%. however, the photosensitivity of the resist drops and patterning can not be 
ctrried outty ^p^So^WA to 153C show a method of manufacturing the protrusion when the number o. the 
rnnnave-convexities on the surface of the protrusion must be increased. 

^X£S£Z!^ resin containing a great proportion of fine alumina particles 357 having a grain s,z < JnJ 
areata Than 0 5 urn is applied onto the electrode 12 as shown in Fig. 153A. Further, as shown in Fig. 1S3B a resist .s 

^tu^ 

^StS^SSl^ 20A but because the proportion of the fine alumina particles 357 mixed m great, a large 
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number of concave-convexities are formed, and wettability can be much more improved than in the embodiment shown 
in Fig. 1 54 when the vertical alignment film is applied. 

Fios 154A and 154B show another manufacturing method of the concave-convexities on the surface of the protru- 
sion by the fine particles. In this example, after the resist 360 is applied to the surface of the electrode 12, the f ine alu- 
nTa partfc.es 361 are sprayed and al.owed to adhere to the surface of the resist 360. followed then by.P^bahna 
Thereafter the protrusion is patterned in the same way as in the prior art, and the protrusion 20A shown in Fig. 154B 
can be obtained. When this protrusion 20A is washed, the fine alumina particles 361 exist on the surface of the protru- 
sion 20A and fall off from the surface to define the holes. In consequence, the concave-convexities are formed 

Fiqs 155A and 155B are explanatory views useful for explaining an example of the manufacturing method of the 
protrusion in the 39th embodiment, and represents the example wherein a protrusion material is foamed to form the 
concave-convexities on the surface of the protrusion. The resist for forming the protrusion 20 is fist dissolved in a sol- 
vent such as PGMEA (Propylene Glycol MonoMethyl Ether Acetate), for example, is applied by a spinner and is then 
pre-baked (pre-cured) at 60°C. Under this state, large quantities of the solvent remain ins.de the resist. Patterning is 
then carried out by exposure and development by using a mask. 

According to the embodiments as described above, as shown in Fig. 156 with a broken line, the temperature is 
gradually raised inside a clean oven up to 200°C in the course of 10 minutes, is held at this temperature for longer than 
75 minutes and is gradually returned to the normal temperature in the course of 10 minutes. In ° 
this embodiment, as shown in Fig. 156 with a continuous line, the substrate is placed on a hot plate at 200 C and is 
heated for 10 minutes. At this time, about one minute time is necessary to raise the substrate temperature to 200 C. 
Thereafter the substrate is left standing for cooling for 10 minutes to the normal temperature. When quick heating is 
carried out' in this way. the solvent inside the resist is bumped and bubbles 362 are formed inside the resist as shown 
in Fiq 155A The bubbles 362 are emitted outside from the surface of the protrusion 20 as shown in Fig. 155B. At this 
time the traces 363 of the bubbles are left on the surface of the protrusion, forming thereby the concave-convexities^ 

incidentally, when the resist dissolved in the solvent is stirred before the application and the bubbles areintroduced 
into the resist, foaming is more likely to occur than when the resist is quickly heated. Stirring may be earned out while 
a nitrogen gas or a carbonic acid gas is being introduced. According to this method, the bubbles of the gas are intro- 
duced into the resist and a part of the gas is dissolved in the solvent, so that formability at the time of heating increases. 
Water of crystallization which emits water at about 120 to about 200°C or a clathrate compound which emits a guest 
solvent may be mixed with the resist, too. Water is emitted from water of crystallization and changes to a steam or the 
guest solvent is emitted at the time of heating, and foaming is more likely to occur. A solvent or a silica gel adsorbing a 
gas may be mixed with the resist. The adsorbed solvent or the gas is emitted from the silica gel at the fme of heat ng 
and consequently, foaming is more likely to occur. Incidentally, the solid material to be mixed must be smaller than the 
heioht of the protrusion and its width, and must be pulverized in advance to such a size. 

The fine pores are formed in the protrusion in the 37th embodiment whereas the grooves are disposed in the pro- 
trusion in the 38th embodiment, and according to such structures, the vertical alignment film can be formed more easily 
on the surface of the protrusion. Figs. 1 57A to 1 57C show another method of forming the protrus.on having the grooves 
such as those of the 38th embodiment. . 

As shown in Fig. 157A, the protrusions 365 and 366 are formed adjacent to one another by using a Photoresist 
which is used for forming a micro-lens. The patterning shape of this micro-lens can be changed depending on the light 
reflection intensity, the baking temperature, the composition, and so forth, and when the suitable baking condrt .or , k ieet 
the protrusion collapses and changes to the shape shown Fig. 157B. When the vertical alignment film 22 ,s apph* I to 
this shape, as shown in Fig. 157C, the vertical alignment film 22 can be formed satisfactorily because the center of the 
protrusion 20 is recessed. After the material described above is applied to a thickness of 1.5 ^ the protrusions ,365 
and 266 are patterned to a width of 3 um and a gap of 1 um between the protrusions. The f.lm is then baked at 180 C 
for 10 to 30 minutes. As a result, two protrusions are fused to each other to form the shape shown in F.g. 157B A 
desired shape can be obtained by controlling the baking time. The protrusions 365 and 266 can be fused to oneanother 
when the height is from 0.5 to 5 um. the width is from 2 to 10 ^m and the gap is within the range of 0.5 to 5 um. When 
SCSlrtS. Protrusions is greater than 5 ,m. this height affects the cell thickness (Mm. the ***** 
.ayer) and impedes injection of the liquid crystal. When the width of the protrusion is smaller >T- '°*Z 
hand the orientation limiting force of the protrusion drops. Furthermore, when the gap between the pr°trus.ons 
exceeds 5 um. the two protrusions cannot be fused easily and when it is smaller than 0.5 um, the depress.on can not 

^ f InThlfo^^ingwas described the treatment for improving wettability of the protrusion relative to the material of the 
alianment film according to the 39th embodiment. Here, the protrusion may have any pattern and may not be of the 
shaSTo"a d^oU section. Moreover, the material forming the protrusion is not limited to the photoresist but may 
Te 5 any material provided it is capable of forming a protrusion in a desired shape. By taking into considera on the 
XemicaT oTphysical formation of ruggedness in a subsequent process, however, it is des.red to use a material whKh 
i S is not easi y peeled off and can be subjected to the ashing. The materials satisfying these cond.t.ons w.ll be pho- 
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toresist. black matrix resin, colored filter resin, overcoating resin.and polyimide resin. These organic materials make it 
possible to improve (treat) the surfaces through the ashing or UV irradiation. 

According to the 39th embodiment as described above, wettability of the surface of the protrusion is improved for 
the material of the alignment film, making it possible to prevent a trouble in that the alignment film is not formed on the 
surface of the protrusion, the quality of display is improved and the yield is improved. ^ . .. , 

In the past a so-called black matrix is placed on the perimeter of each pixel in order to prevent deterioration of con- 
trast deriving from leakage of light passing through a region between pixels. Fig. 158 is a diagram showing the s rudure 
of a panel of a prior art provided with black matrices. As illustrated, a red filter 39R. green filter 39Q. and blue filter 39B 
that coincide with red, green, and blue pixels are formed on a color filter (CF) substrate 16. and ITO electrodes 12 are 
formed on the CF substrate. Furthermore, black matrices 34 are formed on the borders among the red, green and blue 
pixels. Data bus lines and gate bus lines or TFT devices 33 are formed together with ITO electrodes 13 on a TFT sub- 
strate 1 7 A liquid-crystal layer 3 is interposed between the two substrates 1 6 and 1 7. 

Fig 159 is a diagram showing the structure of a panel of the 40th embodiment of the present invention, and Fig. 
160 is a diagram showing a pattern of protrusions over pixels in the 40th embodiment. As illustrated, the red filte. ■ 39R. 
green filter 39G. and blue filter 39B are formed on the CF substrate 16. As shown in Fig. 160. the protrusions 20A for 
controlling alignment, which are included in the liquid crystal panel of the first embodiment, are formed on the CF sub- 
strate 16 though they are not shown in Fig. 159. The protrusions 20A are made of a light-intercept.ve material. Protru- 
sions 61 are formed on the perimeters of pixels. The protrusions 61 are also made of a light-interceptive material and 
function as black matrices. The necessity of forming the black matrices 34 like in the prior art is obviated. The protru- 
sions 61 functioning as black matrices can be formed concurrently with the protrusions 20A. Using this process of man- 
ufacturing the step of creating black matrices in the course of creating the CF substrate 16 can be omitted. Reference 
numeral 62 denotes a TFT in each pixel. The protrusions 61 are designed to intercept light from the TFTs. 

In Fig 159 the protrusions 20A and 61 are formed on the CF substrate 16. Alternatively, the protrusions 61 or 20A 
or both of them may be formed on the TFT substrate 17. Owing to this structure, a mismatch between the CF substrate 
16 and TFT substrate 17 occurring during bonding need not be taken into account. Consequently, the numerical aper- 
ture of the panel and the yield of a bonding step can be improved outstandingly. Assuming that the CF substrate 16 is 
provided with black matrices, when the ITO electrodes 13 on the TFT substrate 17 and open portions (portions without 
the black matrices) of the CF substrate 16 are designed to be mutually identical, if a bonding mismatch occurred in the 
process of manufacturing the panel, the mismatch region would cause light leakage. This disables normal display. Gen- 
erally even if a high-precision bonding machine is employed, a matching error of about ± 5 micrometers (urn) is present. 
A corresponding margin must therefore be preserved. In consideration of the margin, an aperture for each black matrix 
is designed to be smaller. Thus, the above problem is coped with. That is to say. each black matrix is des.gned to invade 
into an ITO electrode 13 formed on the TFT substrate 17 by about 5 to 10 micrometers. When the protrusions 61 are 
formed on the TFT substrate 1 7. the panel is free from the adverse effect of the bonding mismatch. Consequently, the 
numerical aperture can be maximized. This advantage becomes greater as each pixel of the panel gets smaller, that is 
as a resolution improves. For example, in this embodiment, a substrate having ITO electrodes of p.xels of which width 
is 80 micrometers and height is 240 micrometers is employed. In any of the conventional modes, since a margin of 5 
micrometers is needed, the width and length of the aperture become 70 micrometers and 230 micrometers respectively, 
and the area of an aperture for each pixel becomes 16100 square micrometers. By contrast, in this embodiment, the 
area of the aperture for each pixel is 19200 square micrometers. The numerical aperture is improved to be approxi- 
mately 1 2 times larger than the one permitted by the conventional mode. For realizing a display that offers twice as high 
a resolution as the one provided by the panel , the width and length of an electrode are 40 micrometers and 1 20 mrcrom- 
eters respectively. In the conventional mode, the area of the aperture for each pixel is 3300 square micrometers. In his 
embodiment, the area of the aperture for each pixel is 4800 square micrometers and thus improved to be approximately 
1.5 times higher than the one permitted by the conventional mode. Thus, the higher the resolution is, the greater the 
advantage_is.^ ^ ^ ^ ^ ^ ^ ^ according , 0 a 41<h embodiment . H waS described 

above that light leaks at the domain regulating means. A minute domain having an orientation angle 90 different 
located at about the top of the protrusion can be used as described above. The light leaks, however unless ; , stab e 
orientation can be secured at about the top of the protrusion. For the contrast to be improved therefore the domain 
regulating means is preferably masked. One method of masking the protrusion is to form the protrusion of a flow- 
ing material. According to the 41th embodiment, however, the domain regulating means .s masked by use of a black 

^sdelLibed above, the BM 34 is used for shielding the leakage light at the TFT and the boundary between the 
cell electrode and the bus line. The 41th embodiment, however, uses the BM also at the domain regulating means. Con- 
sequently the leakage light at the the domain regulating means can be masked for an unproved contrast. 

Fig 162 is a sectional view of a pane, according to a 41st embodiment. As shown, the BMs 34 are arranged a posi- 
tions corresponding to the protrusions 20A, 20B. the TFT 33, and the interval between the bus lines (only the gate bus 
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line 31 is shown) and the cell electrodes 13. 

Fig 163 shows a pixel pattern according to a 42nd embodiment. Conventionally, a delta arrangement is known, in 
which the display pixels, which are substantially square in shape, are arranged in adjacent columns one half of a pitch 
displaced from each other. In a color liquid crystal display device, a set of color pixels is conf.gured of three adjacent 
5 pixels of 13B 13G. 13R. Each pixel is almost square in shape, and as compared with a 1-to-3 rectangle, an equal pro- 
portion of liquid crystalline molecules can be easily secured in each direction of division without reducing the protrusion 
interval considerably. In such a case, the data bus line is extended in zigzag along the perimetric edge of the pixel. In 
this way, the delta arrangement is very effective in the case where a protrusion arrangement or a depression arrange- 
ment is continuously formed over the entire substrate surface for orientation division. 
10 The 43rd embodiment to be described next is an embodiment using the protrusions for controlling alignment or the 
protrusions 61 serving as black matrices in the 40th embodiment as spacers. As also shown in Fig. 19, spacers are 
used to retain the distance (gap) between two substrates (thickness of cells) at a predetermined value. Fig. 1 64 is a dia- 
gram showing the structure of a panel of a prior art, wherein spacers 45 are placed on borders between pixels and 
define the thickness of cells. The spacers 45 are. for example, spheres having a predetermined diameter. 

Figs 165A and 165B are diagrams showing the structure of a panel of the 43rd embodiment. Fig. 165A shows the 
structure of the panel of the 43rd embodiment, and Fig. 1 65B shows a modification. As shown in Fig. 1 65A. in the panel 
of the 43rd embodiment, protrusions 64 formed on the perimeters of pixels are made as thick as cells, and thus define 
the thickness of cells. In the drawing, the protrusions 64 are formed on the TFT substrate 17. Alternatively, the protru- 
sions 64 may be formed on the CF substrate 16. This structure obviates the necessity of including spacers. No liquid 
crystal is present at the positions of the protrusions 64. For a vertically-aligned panel or the like, the positions of protru- 
sions (cell holder areas) of the panel appear in black all the time irrespective of an applied voltage. The black matrices 
are therefore unnecessary, and the protrusions 64 need not be made of a light-interceptive material but can be made 

of a transparent material. ... .... 

In the 43rd embodiment shown in Fig. 1 65A. the protrusions 64 define the thickness of cells. The precision in thick- 
ness of cells is dominated by the precision in forming the protrusions, and is therefore poorer than that permitted when 
the spacers are used. A panel having the structure of the sixteenth embodiment was actually produced. As a result, a 
level of uncertainty in thickness of cells can be controlled within ± 0.1 micrometers. This level would not pose any par- 
ticular problem in practice. However, this structure is unsuitable when the thickness of cells must be controlled strictly. 
The modification shown in Fig. 167B is a structure intended to solve this problem. In the modification shown in Fig. 
so 167B the spacers 45 are mixed in a resin to be made into the protrusions 65, and the resin is applied to the substrate. 
The substrate is then patterned in order to form the protrusions. In this modification, the merit of the 43rd embodiment 
that the spacers are unnecessary is lost, but there is a merit that the thickness of cells can be defined irrespective to 
the precision in drawing a pattern of protrusions. A panel having the structure shown in Fig. 167B was produced actu- 
ally The thickness of cells could be defined so precisely that an error falls within ± 0.05 micrometers. Nevertheless, the 
35 spacers are still needed! However, since the spacers are mixed in a resin, the spacers are arranged while the resin is 
being applied. This obviates the necessity of scattering the spacers at a panel production step. The number of steps 
included in the process does not increase. 

Figs 166A and 166B are diagrams showing another modifications of the 43rd embodiment. Fig. 166A shows a 
structure in which the protrusions 64 of the 43rd embodiment are replaced with protrusions 81 made of a Hght-intercep- 
tive material and Fig. 166B shows a structure in which the protrusions 65 shown in Fig. 165B are replaced with protru- 
sions 82 made of a light-interceptive material. As mentioned above, in Figs. 165A and 165B, the protrusions 64 and 65 
may be made of a transparent material. The protrusions can still fill the role of black matrices. However, when the pro- 
trusions are made of the light-interceptive material, perfect light interception can be achieved. 

Fig 167 is a diagram showing a modification of the 43rd embodiment. Protrusions 83 are formed on the CF sub- 
strate 1 6 and protrusions 84 are formed on the TFT substrate 1 7. The protrusions 83 and 84 are brought into contact 
with each other, thus defining the thickness of cells. An effect exerted is the same as the one exerted by the 43rd 
embodiment and its modification. . .. ,, 

In the 43rd embodiment and its modification, protrusions lying on the perimeters of pixels are used to define the 
thickness of cells. Protrusions for controlling alignment, for example, the protrusions 20A shown in Fig. 160 may be 
so used to define the thickness of cells. . 

Furthermore in the 40th embodiment, 43rd embodiment, and modifications of the 43rd embodiment, protrusions 
are formed all over the perimeters of pixels. Alternatively, the protrusions may be formed on parts of the perimeters of 
the pixels. For example, the protrusions 61 , 64 and 81 to 84 in the 43rd embodiment and its modification may be made 
of a light-interceptive material and formed along one sides of only TFT portions of pixels, that is ^ por tons 62 shewn in 
Fia 59 As mentioned above, as far as a so-called normally black-mode panel that, like a vertically-aligned (VA) panel, 
appears in black when no voltage is applied to ITO electrodes is concerned, even if the black matrices are excluded, 
light leakage hardly poses a problem, In this embodiment, therefore, only the TFT portions of pixels are coated with a 
light-interceptive resin but the drain bus lines and gate bus lines surrounding the pixels are not coated therewith. As 
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mentioned above, as the number of light-interceptive regions decreases, the numerical aperture improves accordingly. 
This is advantageous. The structure in which protrusions are formed along only the TFT portions can be adapted to the 
43rd embodiment and its modifications shown in Figs. 165A to 169. 

In the 43rd embodiment, the black matrix is provided with the function of the spacer but according to the prior art. 
spherical spacers having a diameter equal to the cell thickness are sprayed on one of the substrates hav.ng the vertical 
afignment film formed thereon and then the other substrate is bonded. When the protrusion ,s formed on the electrode^ 
however, a part of the spacers so sprayed is positioned on the protrusion, if the diameter of the spacers 
cell thickness in the case where no protrusion is formed, the cell thickness becomes greater than the d« «)^ 
due to the existence of the spacer on the protrusion. Further, when any force is applied from outs.de to the panelthat 
is once assembled and the spacers move on the protrusion, the cell thickness becomes greater at that portion and the 
problem of non-uniform display develops. The forty-fourth embodiment to be next explained is directed to solve this 
problem by decreasing the diameter of the spacers in consideration of the thickness of the Protrusion^ 

Fias 1 1 68A to 1 68C show the panel structure of the 44th embodiment. Fig. 1 68A shows the TFT substrate 1 7 before 
assembly Fig 1 68B shows the CF substrate 16 before assembly and Fig. 168C shows the assembled state. As shown 
in Figs 168A and 168B. the protrusion 20A is formed on the electrode 12 of the CF substrate 16 and the vert.cal align- 
ment film 22 is further formed. The protrusion 20B is formed on the electrode 13 of the TFT substrate 1 7 and the vertical 
alignment film 22 is before assembly and further formed. The protrusions 20A and 20B have the same height of 1 ^m 
and are assembled so that they do not cross mutually when viewed from the panel surface. The cell thickness is 4 
micrometers (urn), and the diameter of the spacer 85 made of a plastic material is 3 ^m which .s the balance obtained 
by subtracting the height of the protrusion from the cel. 1 63 A thickness. As shown in Fig. 168A. 150 to 300 pcs/mm 2 of 
spacers 85 are sprayed (sprinkled) on the TFT substrate 17. A seal is formed from a bonding resin on the CF substrate 
16 and the CF substrate 16 is bonded to the TFT substrate 17. The spacers 85 are positioned on the protrusions 20B 
or below the protrusions 20A at a certain probability as shown in Fig. 1 68C. This probability corresponds to the propor- 
tion of the areas of the protrusions 20A and 20B to the entire area. Under the state shown in F.g^ 168C !. the cell thick- 
ness is limited by the spacers positioned on the protrusions 20B or below the protrusions A and the thickness of the 
protrusions. The spacers 45 existing at portions other than the protrusions 20A and 20B are floating spacers that do not 
affect the cell thickness. Since the cell thickness is limited by the protrusions 20A and 20B, the cell thickness hardly 
exceeds the desired value. Even when the spacers at portions other than the portions of the protrusions move to the 
protrusion portions during the use of the panel, the cell thickness does not become thick, and even when the spacers 
existing at the protrusion portions move to the portions other than the protrusion portions, they change to only the f loat- 

109 Hg 0 ^ is a graph showing the relationship between the scattered (sprinkle) density of the spacers and the cell 
thickness. When the scattered density of the spacers is 100 to 500 pcs/mm 2 the cell thickness falls within the range of 

4 ,im Ne)rt' 5 Fi l g m i72 shows the experimental result of variance of the cell thickness that occurs when a force is applied 
from outside to the panel, and the scattered density of the spacers. It can be appreciated from this result that when the 
scattered density is lower than 1 50 pcs/mm 2 , variance is likely to occur again t the force applied, and when the wa - 
tered density exceeds 300 pcs/mm 2 , variance is likely to occur against the tensile force. Therefore, the optimum scat- 
tered density is 1 50 to 300 pcs/mm 2 . 

In the manufacturing process of the liquid crystal display panel, ionic impunt.es are somet.rr.es entrapped and ions 
contained in the liquid crystal and ions eluting from the alignment film, the protrusion forming material, the seal matenal 
etc mix in the liquid crystal panel in some cases. When the ions mix into the liquid crystal panel, the specific resistance 
of the panel drops, so that the effective voltage applied to the panel drops, too, thereby resulting m burn of the d.splay 
and in the drop of the voltage retention ratio. In this way, mixing of the ions into the panel lowers d.splay performance 
45 and reliability of the liquid crystal panel. , 

For these reasons, the ion adsorption capacity is preferably provided to the dielectr.c protrusion formed on the elec- 
trode used as the domain regulating means in the embodiments described above. There are two methods of providing 
the ion adsorption capacity to the protrusion. The first method irradiates the ultra-violet rays and the second adds a 
material having the ion adsorption capacity to the material of the protrusion. 

Surface energy of the protrusion forming material rises when the ultra-v.olet rays are irradiated to the rr^end. Con- 
sequently, the ion adsorption capacity can be improved. The surface energy r can be expressed by the sum , of the > polar- 
Hyterm yo of the surface energy and its scatter term rf. The polarity term is based on the Coulomb electrostatic force 
a^d theTcatter term on the scatter force among the van der Waals force. When the ultra-v.olet rays are irradiated, 
biding a portions having a low bonding energy is cut off. and oxygen in air combines with »• ^ P««nj^- 
55 ingly the polarizability of the surface increases, the polarity term becomes great and the surface energy '"creases. 
When the degree of polarization increases, the ions become more likely to be adsorbed to the surface. In other words 
the surface o? the protrusion comes to possess the ion adsorption capacity when the ultra-vwlet rays are ■ rradrct^ , 
is preferred to selectively irradiate the ultra-violet rays to only the protrusions when .rrad.atmg the ultra-violet rays, but 
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because the bonds of the protrusion forming material are more likely to be cut off than the bonds on the surface of the 
substrates, only the protrusions come to possess the ion adsorption capacity even when the ultra-violet rays are irradi- 
ated to the entire surface of the panel. The vertical alignment film is formed after the ultra-violet rays are irradiated. 

An ion exchange resin, a chelating agent, a silane coupling agent, a silica gel. alumina, zeolite, etc. are known as 
the materials having the ion adsorption capacity. Among them, the ion exchange resin exchanges the ions and supple- 
ments the ions that have existed as impurities from the beginning. Instead, it discharges other ions and for these rea- 
sons it is not suitable for the protrusion forming material. Among the materials having the ion supplementing capacity, 
some materials exist which have the ion supplementing capacity without emitting the substituent ions, and such mate- 
rials are preferably used. Examples of such materials are crown ether having the chemical formula shown .n Figs. 1 71 A 
and 1 71 B and kryptand having the chemical formula shown in Figs. 1 72A and 1 72B. Further, inorganic materials such 
as alumina and zeolite have the capacity of supplementing ions without emitting ions. Therefore, these materials are 
used. Incidentally, since the kinds of the ions adsorbed by one ion adsorption material are limited, materials adsorbing 
different ions are preferably used in combination. . 

A protrusion line having a width of 7.5 urn. a height of 1 .5 ^ and a gap of 1 5 urn between the protrusions is formed 
from a positive type resist, and is subjected to the treatment for imparting the various ion adsorption capacity described 
above so as to manufacture the panels. Fig. 250 shows the result of measurement of the initial ion density and the ion 
density (unif pc) after the use for 200 hours of the panel so manufactured. In Fig. 250, ultra-violet rays of 1 .500 mJ are 
irradiated in Example C. 0.5 wt% of crown ether is added in Example D. zeolite is added in Example E. and crown ether 
and zeolite are added in Example F. For reference, the case where the treatment for imparting the ion adsorption capac- 
ity is not carried out is represented as Comparative Example. A 10 V triangular wave having a frequency of 0.1 Hz is 
applied at the time of use. and the temperature at the time of measurement is 50°C. It can be appreciated from the 
result that the initial value of the ion density remains at substantially the same level regardless of the ion adsorption 
capacity treatment. However, the ion density after 200 hours drastically increases when this treatment is not carried out. 
but when the treatment is carried out. the increase remains small. k 
When the sample to which the ultra-violet rays are irradiated and the sample which is not at all treated are sub- 
jected to the practical running test, burn occurs in the un-treated sample but does not occur in the sample subjected to 

,hS "n the 4Wh embodiment, the structure in which a pattern of protrusions is drawn on the CF substrate 1 6 using black 
matrices has been disclosed. The structure will be described below. 

As mentioned above, if a pattern of protrusions can be drawn on the CF substrate 16 in the conventional manufac- 
turing process, since a new step need not be added, an increase in cost deriving from drawing of a pattern of protrusion 
can be minimized. The seventeenth embodiment is an embodiment in which a pattern of protrusions are drawn on the 
CF substrate 1 6 by utilizing the conventional manufacturing process. 

Fias 173A and 173B are diagrams showing the structure of the CF substrate of the 45th embodiment. As shown 
in Fig 1 73A in the 45th embodiment, the color filter (CF) resins 39R and 39G (and 39B) are applied pixel by pixel to 
the CF substrate 16. Black matrices or an appropriate material such as a CF resin or any other flattening resin .s used 
to define a pattern of protrusions 50A by tracing predetermined positions. ITO (transparent) electrodes 12 are then 
formed on the pattern of protrusions. A material to be made into the black matricis is not restricted to any specific one. 
For forming protrusions, however, a certain thickness is needed. From this viewpoint, the adoption of a resin ,s prefer- 

Fia 1 73B is a diagram showing a modification of the CF substrate in the 45th embodiment. Black matrices or an 
appropriate material such as a CF resin or any other flattening resin is used to draw a pattern of protrusions 50B by 
tracing predetermined positions on the CF substrate 16. Thereafter, the CF resins 39R and 39G are applied. Conse- 
quently, the CF resin defining the pattern of protrusions gets thicker. The pattern of protrus.ons can now provide protru- 
45 sions as it is. The ITO (transparent) electrodes 12 are then formed. 

According to the structure of the 45th embodiment, protrusions can be formed at any posit.ons on the CF substrate. 
Fig 174 is a diagram showing the structure of a panel of the 46th embodiment. In the 46th embodiment the pro- 
trusions 50 are formed on the perimeters of pixels on the CF substrate 16. that is. on ^ams between flie CF resins 
39R 39G and 39B or on seams relative to black matrices 34. On the TFT substrate 1 7, the protruaons 20B are formed 
at positions coincident with intermediate positions between the seams. For forming continuous Prions a ong one 
sides of the pixels opposed to the seams on the CF substrate 16. that is. for drawmg a pattern of hnear P^f^.* 
pattern of linear protrusions is drawn parallel to the pattern of protrusions by tracing positions near the centers erf the 
pixels on the TFT substrate. Moreover, when continuous protrusions are fonned along all «^J^^ 
the pixels on the CF substrate 16. the pattern shown in Figs. 80A to 81 is drawn. On the TFT substrate 17. pyramidal 
55 protrusions are formed near the centers of the pixels. ... .,*„i 

The structure of the panel of the 46th embodiment can be adapted to various forms. An example of the structure of 
the CF substrate of the 46th embodiment will be described below. „„, K ~* m »n» 
Fig. 175A to 180B are diagrams showing examples of the structure of the CF substrate of the 46th embodiment. 
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Fig 175A shows a structure in which the black matrix (BM) 34 is interposed between each pair of the CF resins ^9R 
and 39G The black matrices 34 are formed thicker than the CF resins, and the ITO electrodes 12 are formed on the 
^^S^STTlie black matrices 34 become protrusions. Even in this case, the black matrices 34 should prefers 
bly be made of a resin or the like. 

In Fig. 1 75B, the thin black matrices 34 made of a metal or the like are formed on the CF substrate 12. The CF res- 
ins 39R and 39G are applied to the black matrices, thus forming color filters. Thereafter, the CF res.n 39 ,s appl.ed in 
order to form protrusions 70. The ITO electrodes 1 2 are formed on the protrusions. 

In Fig T 7 ?A the thin black matrices made of a metal or the like are formed on the CF substrate 1 2. The CF resins 
39R and 39G are applied to the substrate, thus forming color filters. A resin other than the CF res,n, 
used as a flattening Material is used to form protrusions 71 without the use of the black 34 :JJ^ 
12 are then formed on the protrusions. In this case, like the structure shown in F.g. 175A, the flattening material is 

aP C F !g?7^ 

of protrusions, on the CF substrate 1 2. The CF resins 39R and 39G are applied so that they will overlap the Wa^matn- 
ces 34. thus forming color filters. Thereafter, the ITO electrodes 1 2 are formed. The port.ons of the CF res.ns overlap- 
ping the black matrices 34 serve as protrusions. * «.fcctatal»«nrill»rF 
In Fig. 1 77A. the thin black matrices 34 made of a metal or the like are formed on the CF substrate 12 and the CF 
resin 39R is then applied to the substrate. Thereafter, the CF resin 39G is applied to overlap the CF res.n 39R, and the 
ITO etectrodes 1 2 are then formed. Portions of the CF resin 39G overlapping the CF resin 39R serve ^ protrusions. At 
TO pSons of the protrusions, the black matrices 34 are included for not allowing passage 

filter resins may overlap the other color filter resin. According to this structure. protrus.ons can be formed at the step of 
fnrminn mior filters The number of steps will therefore not increase. 

in f£ ° 77B a f StenTng materia. 71 is applied to overlap parts of the CF resins 39R and 39G on the same sub- 
strate as the one shown in Fig. 176A. Portions of the flattening material 71 overlapping the CF res.ns serve as protru- 
sions. Owing to this structure, the flattening material 71 can be made as thin as the he.ght of Protrusions , 

The aforesaid structures are structures in which ITO electrodes are formed on protrusions and electrodes have the 
protrusions. Next, an example of a structure in which an insulating material is used to form protrus.ons on the ITO elec- 

^tn Fig b 178 e a C fter Slor filters are formed on the CF substrate 16 by applying the CF resins 39R and 39G, the ITO 
electrodes 12 are formed. The black matrices 34 are then placed in order to form protrusions. Even .n th.s case, the 
number of steps will not increase. t ( . . ~ t„ rm ~* 

In Fig. 1 79A. after the thin black matrices 34 are formed on the CF substrate 1 6, the ITO electrodes 1 2 ar formed 
Color filters are then formed by applying the CF resins 39R and 39G. At this time, the CF resm 39G .s applied to overlap 
the CF resin 39R, thus forming protrusions. Even in this case, the number of steps w.ll not increase 

I ir£ M79B, after the thin black matrices 34 are formed on the CF substrate 16, color f^ 
the CF resins 39R and 39G. The ITO electrodes 12 are then formed. The flattening material 71 .s then used to form 

protrusions^ ^ ^ ^ ^ are formed Qn ^ CF substrate , 6 color f i| ters are formed by applying the 

CF resins 39R and 39G. The black matrices 34 are then placed on the color filters, thus forming protrus.ons. 

TnFig 180B after the thin black matrices 34 are formed on the CF substrate 16, color filters are fo^ 
the CF resins 39R and 39G. A fiattening material 72 is used to flatten the surface. The ITO electrodes 12 are then 
formed on the surface and the black matrices 34 are further formed, whereby protrusions are realized 

Rgs 181A lo 181G are diagrams illustrating the steps for producing the color filter (CF) substrate accord.ng to a 
47th embodiment. The CF substrate has a protrusion as a domain regulating means. 

Referring to Fig 181A. a glass substrate 16 is prepared. Then, as shown in F,g. 181B, a res.n (res.n B CB 7001, 
manufactu ed by Fuji Hanto Co.) 39B' for negative-type flue filter is applied onto the glass substrate 16 ma.nta,n,ng a 
SSSZX 3% Then as shown in Fig. 1 81 C, the resin B is formed on the portions of the blue (B) p.xeLBM porbon 
and^otms on by the photolithography method using a photomask 370 as shown. Next referring to Rg. 18 D. a 
reslnTer" CR-700 y i, manufactured by Fuji Hanto Co.) 39R" for red fitter is applied to " ™ 

of the red (R) Pixel BM portion and protrusion 20A by the photolithography method. Referr.ng to F.g. 181 E, a esm 
(reSn S manufactured by Fuji Hanto Co.) 39G for green filter is applied to form the res.n G on the portions 
of the Seen (G) pixel, BM portion and protrusion 20A by the photolithography method. Through » 
steps corresponding color filter (CF) layers are formed in one layer only on the p,xel portions B. G and R, and the _res ns 
B G aS R are formed in three ayers being superposed one upon the other on the BM portion and on the protrus.on 
2o2 The po^oSwSre the resins B, G and R are superposed in three layers are b.ack portions w.thout almost per- 

mitti NexJ MrensTrenl'flaLing resin (HP-1009 manufactured by Hitachi Kasei Co.) is applied by a spin coater main- 
taining a^^ 1 .5 Jm. poi-baked in an oven heated at 230°C for one hour, and an .TO f.lm ,s formed by 
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mask-sputtering. Referring next to Fig. 181 F. a black positive-type resist (CFPR-BKP manufactured by Tokyo Ohka Co.) 
is applied by the spin coater maintaining a thickness of about 1 .0 to 1 .5 n, pre-baked, and is exposed to ultraviolet rays 
having a wavelength of 365 nm in a dosage of 1000 mJ/cm 2 from the back surface of the glass substrate 16 through 
the CF resin The portions where the resins B, G and R are superposed in three layers permit ultraviolet rays to transmit 
through less than through other portions, and where a threshold value of exposure is not reached. When developed with 
an alkali developing solution, the BM portion 34 and the protrusion 20A are formed that were not exposed to light, and 
are post-baked in an oven heated at 230°C for one hour. Moreover, a vertical alignment film 22 is formed to complete 
the CF substrate. 

Fig 182 is a sectional view of a liquid crystal panel completed by sticking the CF substrate 16 prepared as 
described above and a TFT substrate 17 together. In the TFT substrate 17. a slit 21 is formed as a domain regulating 
means in the pixel electrode 13, and a vertical alignment film 22 is formed thereon. Reference numeral 40 denotes a 
gate protection film and a channel protection film. On the portions where the light must be shielded, the BM 34 and the 
resins of the three layers B. G and R are superposed one upon the other to favorably shield the light. The protrusion 
20A of the CF substrate 1 6 and the slit 21 in the TFT substrate 1 7 divide the orientation of liquid crystals making it pos- 
sible to obtain good viewing angle characteristics and high operation speed. 

According to the 47th embodiment as described above, the protrusion 20A which is the domain regulating means 
and the BM 34 are formed on the CF substrate without the need of exposure to light through a pattern, but by patterning 
by exposure to light from the back surface, making it possible to simplify the steps for forming the protrusion 20A and 
the BM 34. to lower the cost and to increase the yield. ... ^ 

In the 47th embodiment, the pigment scatter method is employed for forming the CF. This can be similarly adapted 
even to the dying method and to the case where a non-photosensitive resist formed by dispersing a pigment in the poly- 
imide is to be formed by etching. According to the 47th embodiment, the CF resins are superposed in three layers on 
the portions of the protrusion 20A and BM 34. These resins, however, may be superposed in two layers provided the 
wavelength of the irradiation light and the irradiation energy are suitably selected at the time of exposure through the 

back surface. , . . . ,. „ 

In the 47th embodiment, the BM and the protrusion which is the domain regulating means are formed on the CF 
substrate without patterning. However, the fifth embodiment can be also adapted even to the case where the BM only 
is formed without forming protrusion, as a matter of course. A 48th embodiment deals with a case where the BM is 
formed but forming the protrusion by a method different from that of the 47th embodiment. 

Figs 183A and 183B are diagrams illustrating a step of producing the CF substrate according to the 48th embodi- 
ment and Figs 184A and 1 84B are diagrams illustrating a panel structure according to the 48th embodiment. 

In the 48th embodiment, no CF resin is superposed on a portion corresponding to the protrusion but the CF resin 
is superposed on a portion corresponding to the BM only to form a BM protrusion 381 Next, without effecting the flat- 
tening an ITO film 12 is formed as shown in Fig. 183A, and the above-mentioned black positive-type resist 380 is 
applied thereon maintaining a predetermined thickness, for example, about 2.0 M m to 2.5 nm. Then, the developing is 
effected by exposure to light from the back surface to obtain a panel having a BM resist 380 superposed on the BM pro- 
trusion 381 as shown in Fig. 183B. The BM 34 is constituted by both the BM protrusion 381 and the BM resist 380. 

The CF substrate and the TFT substrate are stuck together to prepare a panel shown in Fig. 184A. Fig. 184B is a 
view illustrating, on an enlarged scale. A circular portion of a dotted line of Fig. 1 84A. and in which the BM resist 380 is 
in contact with the TFT substrate 1 7. and the distance between the substrates is defined by both the BM protrusion 381 
and the BM resist 380. That is. the BM protrusion 381 and the BM resist 380 work as a spacer. 

According to the 48th embodiment as described above, there is no need to pattern the BM simplifying the steps, 
and the BM works as a spacer eliminating the need of providing the spacer. In the 48th embodiment, the pos.t.ve-type 
resist was used to form the BM by exposure to light through the back surface without effecting the patterning. However, 
either the negative-type resist or the positive-type resist can be used provided it can be patterned by the photolithogra- 
phy method. The resist which is not of a black color can be used for forming protrusion which works as a domain regu- 
lating means, or can be used as a spacer in compliance with the 47th embodiment. 

Next, described below is a case where the protrusion 341 on which the CF resin is superposed in the 48th embod- 
iment, is directly used as the BM. 

Figs 185A to 185C are diagrams for illustrating the steps for producing the CF substrate according to a 49th 
embodiment, and Fig. 1 86 is a diagram illustrating a panel structure according to the 49th embodiment. 

Referring to Fig 185A, the CF resin is superposed in three layers on the BM to form a protrusion 381 which permits 
light to pass through very little. Referring next to Fig. 1 85B. the above-mentioned transparent flattening resin is applied 
by a spin coater maintaining a thickness of about 1 .5 pm. post-baked at 230°C for one hour and. then, an ITO film 12 
is formed Then, in Fig. 185C. a positive-type resist (SC-181 1 manufactured by Shipley Far East Co.) is applied main- 
taining a thickness of about 1 .0 to 1 .5 urn), pre-baked, and a protrusion 20A is formed by the photohthography method. 
The protrusion 381 formed by superposing the CF resins B, G and R in three layers does not almost permit light to pass 
through and works as the BM. The thus completed CF substrate 16 and the TFT substrate 17 are stuck together via a 
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spacer 45 to obtain a pane! as shown in Fig. 186. 

The 47th to 49th embodiments have dealt with the cases where the BM was formed by superposing the CF resins. 
The liquid crystal display device of the VA system holding the negative-type liquid crystals, is normally black, and the 
non-pixel portions to where no voltage is applied do not almost permit light to pass through. Therefore, the BM for 

5 shielding light for the non-pixel portions may have a light transmission factor which is not acceptable in the case of the 
normally white device. That is, the BM may have a light transmission factor which is low to some extent. An 50th embod- 
iment is to easily produce the CF substrate by giving attention to this point, and uses a CF resin or, concretely speaking, 
uses the resin B as the BM. This does not develop any problem from the standpoint of quality of display. 

Fig. 187 is a diagram illustrating a step for producing the CF substrate according to the 50th embodiment, and Figs. 

io 1 88A and 1 88B are diagrams illustrating the panel structure according to the 50th embodiment. , 

Referring to Fig. 187, the CF resins Ft, G (CR-7001, CG-7001. manufactured by Fuji Hanto Co.) of two colors are 
formed on the glass substrate 16, and the negative-type photosensitive resin B (CB-7001 manufactured by Fuji Hanto 
Co ) is applied thereon by using a spin coater or a roll coater and is pre-baked. Then, the glass substrate 1 6 is exposed 
to ultraviolet rays of a wavelength of 365 nm in a dosage of 300 mJ/cm 2 from the back surface thereof, developed by 

15 using an alkali developing solution (CD manufactured by Fuji Hanto Co.), and is post-baked in an oven heated at 230°C 
for one hour. Thereafter, an ITO film is formed and, then, a vertical alignment film is formed. That is. the resin B is 
formed on the portions other than the portions where the CF resins R and G are formed. The CF resins are not formed 
on the portions where the light must be shielded by forming the BM; i.e., the resin B is formed on the portions where 
the light must be shielded. 

20 Referring to Fig. 188A, the resin B 39B is formed as BM on the portions of bus lines 31 , 32 and on the portions of 
TFTs where the light must be shielded. Fig. 188B is a diagram illustrating, on an enlarged scale, a circular portion of a 
dotted line of Fig. 188A. As shown, a high numerical aperture can be obtained by selecting the width of the light-shield- 
ing portion (resin B) 382 of the side of the CF indicated by an arrow to be equal to the widths of the bus lines 31 , 32 of 
the TFT substrate 17 to which a margin ® is added at the time of sticking the two pieces of substrates together. 

25 In the 50th embodiment, the resin B is formed last since the transmission factors of the g-, h- and i-rays of photo- 
sensitive wavelengths are resin B > resin R > resin G. When the CF resin having a high exposure sensitivity (which may 
be exposed to a small amount of light) and the CF resin which permits photosensitizing wavelength to pass through at 
a large rate, are formed last, the resin of a color formed last remains little on the resins that have been formed already 
which is desirable. 

30 In general, it is effective if the first color is that of a resin (generally B > R > G in the transmission light) which makes 
it easy to discriminate the position alignment mark of an exposure device, and if the alignment mark is formed together 
with the pixel pattern. 

Fig. 192 is a diagram illustrating the structure of the CF substrate according to a 51th embodiment. In the conven- 
tional liquid crystal display device, the BM 34 of metal film is formed on the glass substrate 16, the CF resin is formed 

35 thereon, and the ITO film is further formed thereon. According to the ninth embodiment, on the other hand, the BM is 
formed on the ITO film. , . u 

In the 51 th embodiment, the CF resin 39 is formed by patterning on the glass substrate 1 6 like in the embodiments 
described above. As required, a transparent flattening member may be applied thereon. Next, a transparent ITO film 12 
is formed and a light-shielding film 383 is formed on a diagramed portion thereon. For example, the ITO film 12 is 

40 formed by sputtering maintaining a thickness of about 0.1 nm via a mask, and chromium is grown thereon as a light- 
shielding layer maintaining a thickness of about 0.1 jim. Furthermore, a resist is uniformly applied onto the light-shield- 
ing layer maintaining a thickness of about 1.5 urn by such a coating method as spin coating, and the light-shielding film 
is exposed to light through a pattern, developed, etched, and is peeled, thereby to form the light-shielding film 383. The 
light-shielding film 383 is composed of chromium and is electrically conducting, has a large contact area relative to the. 

45 ITO film 12 and makes it possible to lower the resistance of the ITO film 12 over the whole substrate. The ITO film 12 
and the light-shielding film 383 may be formed by any method. According to the conventional method, the ITO film 12 
is formed and the substrate is annealed and is washed to form the chromium film. According to the 51th embodiment, 
the ITO film 12 and the chromium film are continuously formed in an apparatus, making it possible to decrease the step 
of washing and, hence, to simplify the steps. Therefore, no film-forming device is required, and the apparatus is realized 

so in a small size. , 

Figs. 190A and 190B are diagrams illustrating a modified example of the CF substrate of the 51th embodiment. In 
Fig 190 A the three CF resins are formed, another resin 384 is formed in a groove in the boundary of the CF resins, 
and the ITO film 12 and the light-shielding film 383 are formed. In Fig. 1 90B, the two CF resins 39R and 39G are formed 
like in the eighth embodiment explained with reference to Fig. 187. Then, the resin B is applied mamta.ning a thickness 
55 of about 1 5 iim, and the substrate is exposed to light from the back surface thereof and is developed to form a flat sur- 
face Then the ITO film 12 and the light-shielding film 383 are formed thereon. Since the surfaces of the CF layers are 
flat the ITO film is not cut, and the resistance of the ITO film 1 2 can be lowered over the whole substrate. 

' When a colored resin having a low reflection factor is used as the resin 384 or 39B under the light-shielding film 
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383 the light-shielding portion exhibits a decreased reflection factor, and light falling on the liquid crystal display device 
from the outer side is less reflected. Furthermore, when a colored resin having a small transmission factor is used as 
the resin 384 or 39B under the light-shielding film 383, the light-shielding portion exhibits a decreased transmission fac- 
tor enabling the contrast of the liquid crystal display device to be enhanced. 

' In the structure of Fig. 190B, furthermore, the CF resin 34B is formed requiring no patterning. Therefore, there is 
no need to use an exposure apparatus which is capable of effecting the patterning and is expensive correspondingly, 
and the investment for the facilities can be decreased and the cost can be decreased, too. 

Fig 191 is a diagram illustrating a modified example of the 51st embodiment. Spacer for controlling the thickness 
of the liquid crystal layer are mixed in advance in the resist that is to be applied onto the light-shielding film. After the 
resist is patterned, therefore, the spacers 45 are formed on the light-shielding film that is formed in any shape. This elim- 
inates the step for dispersing the spacers. 

Fig 192 is a diagram illustrating a CF substrate according to a 52rd embodiment. According to this embodiment a 
chromium film is formed on the ITO film 12 and a resist is applied thereon. At the time when the light-shielding film 383 
is to be patterned and exposed to light, the protrusion that works as a domain regulating means .s patterned simulta- 
neously therewith. After developing and etching, the resist is not peeled off but is allowed to stay. Thus, an insulating 
protrusion 387 that works as a domain regulating means is formed on the CF substrate 16. By using such a CF sub- 
strate, there is realized a panel of a structure shown in Fig. 193. „.-._,.■ ,„J 

As described in the 47th embodiment, CF films are formed on a CF substrate, the CF substrate is coated wrth flat- 
ting resin such as acrylic resin so that the surface of the substrate becomes flat, and an electrode of an ITO film is 
formed thereon. In some cases, the surface flatting step is omitted in order to simplify the process. The CF substrate to 
which the surface flatting step is not performed is called a CF substrate with no top-coat. The CF substrate with no top- 
coat has grooves formed between respective CF films. The ITO film is formed with a sputtering process. When the ITO 
film is formed is formed on the CF substrate with no top-coat, it occurs a problem that the ITO layer is rigid on flat sur- 
faces but it is coarse at the grooves because the sputtering process has anisotropy. 

Therefore when material of vertical alignment film is coated or printed, solvent included in the material infiltrates 
into the CF films through the grooves after the coating or printing to a precuring process. The infiltrated solvent remains 
inside the CF layers after the precuring process is completed. The solvent remained inside the CF films generates cra- 
ters on the surfaces of the vertical alignment film. The craters cause display unevennesses. According tc .the 51th 
embodiment, the light-shielding film provided at the grooves can prevents the infiltration of solvent. In a 52th embodi- 
30 ment resin provided at the grooves between respective CF films are used as protrusions. 

Fiqs 251 A to 251 D are diagrams showing a production process of a CF substrate of the 52th embodiment. Fig. 
251 A shows a CF substrate with no top-coat. The CF films 39R, 39G and 39B are formed, the light-shielding films 34 
are formed under the boundaries of the respective CF films, and the ITO film is formed the CF films. As shown ,n F>g. 
251 B a positive resist is coated. As shown in Fig. 251 C, the positive resist is irradiated with ultraviolet light from a sur- 
35 face of the glass substrate, and it is developed. Then, protrusions 390 are formed at positions corresponding to the 
light-shielding films 34. The protrusions 390 prevent the infiltration of solvent. Further, the protrusions 390 operate as 

the protrusions 20A of the CF substrate. 

The structures of a liquid crystal display in accordance with the present invention have been described so far. 
Examples of applications of the liquid crystal display will be described below. 
40 Fig 194 shows an example of a product employing the liquid crystal display in accordance with the present inven- 
tion and Fig 195 is a diagram showing the structure of the product. As shown in Fig. 195. a liquid-crystal panel 100 
has'a display surface 1 1 1 . and makes it possible to view a displayed image not only from the front side but also from 
any oblique direction defined by a large angle while offering an excellent viewing angle characteristic, a h.gh contrast 
and good quality but not causing gray-scale reversal. On the back side of the liquid crystal panel 100. there are a light 
source 114 and a light box 1 13 for converting illumination light emanating from the light source 1 14 to light capable of 
illuminating the liquid-crystal panel 100 uniformly. 

As shown in Fig. 194. a display screen 1 10 of this product is turnable and the product ,s therefore usable as e.ther 
a sideways display or lengthwise display according to a purpose of use. A switch for use in detecting a tilt by 45 is 
therefore included. By detecting the state of the switch, switching is carried out to select whether display is earned out 
for the sideways display or for the lengthwise display. For this switching, a mechanism for changing a direction in which 
display data is read from a frame memory for image display, by 90° is needed. The relevant technology is well-known. 
The description of the technology will be omitted. n -„ (0 H ♦„ »h» 

An advantage provided when the liquid crystal display in accordance with the present invention is adapted to the 
above product will be described. Since a conventional liquid crystal display permits only a small viewing angle, when a 
large display screen is adopted, there arises a problem that a viewing angle relative to a marginal part of the screen 
gets so large that the marginal part becomes hard to see. However, a liquid crystal display in which the present inven- 
tion is implemented makes it possible to view a high-contrast image even at a large viewing angle without occurrence 
of gray-scale reversal. In the product shown in Fig. 194, a viewing angle relative to a longer marginal part of the display 
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screen becomes large. It has therefore been impossible to adapt a liquid crystal display tothis kinc I of, product. The liq- 
uid crystal display of the present invention permitting a large viewing angle can be adapted to the product. 

The aforesaid embodiments provide liquid crystal displays in each of which the orientation of a liqu.ci I crysta ,s 
divided for dividing each domain of the liquid crystal mainly into four regions whose az.muths are ™^™" e <«' n n 
frTemerts of 90° and liquid crystal displays in each of which the orientation of a liquid crystal is d.v,ded for d.vid-ng 
each domain of the liquic crystal mainly into two regions whose azimuths are mutually different ,n increments of 90* 
ThJpS w?.l be 'discussed fn re.ation to applications of the present invention. When the orientation <%W*£* 
is divided for dividing each domain of the liquid crystal into four regions whose azimuths are mutuaHy different n incre- 
ments of 90° a good viewing angle characteristic can be exhibited in almost all directions. To whichever d.rections the 
orientation is set, no problem occurs in particular. For example, when the pattern of protrusions shown ,n F,g. 54 is 
a rang* as shown in Fig. 196A relative to a screen, a viewing angle at which display appears well is 80° o, ™, ^e both 
fn literal and vertical directions. Even after the screen is turned and the pattern of protrusions .s arranged as Hlustrated 
on the riant side of Fig. 196A, no problem occurs in particular. 

By Sast, when the orientation of a Hquid crysta. is divided for dividing each domain thereof into twc ^lons 
whose azimuths are mutually different by 180°, the viewing angle characteristic will be .mproved rela Jvetor the d, rec- 
kons into which the orientation is divided but will not be improved very much relative to directions diffe rent from the 
direct ons by 90°. When a nearly equal viewing angle characteristic is requested to be exhibited .n both lateral and ver- 
Sl directions, a pattern of protrusions should preferably be. as shown in Fig. 196B. run ,n an obhque direction m a 

"Text, a process of manufacturing a liquid crysta. display in accordance with the present invention will be described. 
In general the process of manufacturing a liquid crystal panel comprises, as described in F,g. 197, a step 501 o clean- 
ing substrates, a step 502 of forming gate electrodes, a step 503 of forming an operating layer by applying a continuous 
2 a sYep 504 of separating devices, a step 505 of applying a protective film, a step 506 of forming pixe electrodes 
and a step 508 of assembling components which are carried out in that order. For form.ng insulating protruaons. the 
step 506 of forming pixel elements is succeeded by a step 507 of forming protrusions 

As shown in Fig 198, the protrusion forming step comprises a step 51 1 of applying a res.st, a step of pre-batong 
the appned resist, a step 513 of exposing a pattern of protrusions so as to .eave the positions of the P^™^' 
a step51 4 of performing development so as to remove portions other than the protrusions, and a step 51 So post-bak- 
inq the remaining protrusions. As described above, at the subsequent step of applying an alignment film, there .s a pos- 
S£ thauhe resist may react upon the alignment film. At the posH>aking step 515. baking should therefore , be earned 
out at a high temperature of a certain level. During the baking, if protrusions are curved to have a cylindrical sect.on, 

1,16 S: « W f^Z a domain regulating mean, nearly the same process as the foregoing one is 

adopted However, when electrodes are slitted, a pattern having slitted pixel electrodes should merely be created at the 
pixel electrode forming step 506 in Fig. 197. The protrusion forming step 507 becomes unnecessary. 

What is described in Fig. 198 is an example of drawing a pattern of protrusions us.ng a photosensitive res.st. The 
pattern of protrusions may be printed. Fig. 199 is a diagram showing a technique of drawing a pattern o [pro rus.onsby 
performing letterpress printing. As shown in Fig. 199, a pattern of protrusions is drawn on a flexible rel e plate 604 
madeTan APR resin. The relief p.ate is in turn fixed to the surface of a large roller 603 referred to as a P'** cylinder 
™e plate cylinder is rotated while being interlocked with an anilox roller 605, a doctor rriar 606. and a , pnnt.ng stage 
602 A polyimide resin solution used to form protrusions is dropped onto the anilox roller 605 by a ^P 6 " 5 ^ 0 ^ 
soread by the doctor roller 606 to be developed uniformly over the anilox roller 605. The developed res.n solution .s 
SSdVo theTeL plate 604. The solution transferred to the raised portion of the relief plate 604 ,s transferred to a 
Srate 609 on the printing stage 602. Thereafter, baking or the like is carried out. Various techniques of drawing a 
macroscopic pattern by printing have been employed in practice. If a pattern of protrus.ons can be drawn using any of 
the techniques, the pattern of protrusions can be drawn at low cost. am 
Next injection of a liquid crystal into a liquid-crystal panel to be performed after upper and lower substrates are 
bondeTw irbe described As described in conjunction with Figs. 18A and 18B. at the step of assembling components 
to produce a liquid-crystal panel, after a CF substrate and TFT substrates are bonded, a hqu.d crystal is .n ected. A VA 
° P e r TFT L CD has cells whose thickness is small. It takes much time to inject a liquid crystal. Smce .P^rus-ons are 
tamed it takes much more time to inject the liquid crystal. It is therefore requested to shorten the time required for 

will be omitted An injection connector 61 5 is attached to a liquid-crystal injection port of a liquid-crystal panel 100, and 
X« cTS is sup P .S??rom a liquid-crystal defoamer and pressurizer tank 614. Concurrently, an exhaust connector 
6 s'is connected toa'iquid-crys.a. exhaust port, and the pressure in the liquid-crystal panel 1 00 ,s reduced using a va^ 
uum pump 620 for deaeration so that a liquid crystal can be injected read.ly. A liqu.d crystal exhausted through the 
exhaust port is separated from an air by a liquid-crystal trap 61 9. 
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in the first embodiment, as shown in Figs. 18A and 18B. the protrusions 20 are linear and running in a direction 
para M fc the flong sWe of the pane. 1 00. The IquU crystal injection port 1 02 is formed on a short s.de of the panel ve, 
EcaMo the profusions 20. white the exhaust ports 103 are formed on the other short s.de thereof oppostt , to he de 
^whtoh the injection por 102 is formed, bkewise. as shown in Figs. 201 A and 201 B. when the profusions 20 are l,n- 
eartnd runn inT'n a dfection parallel to the short side of the panel 100, preferably, the liquic »^ JJtl« 
?s o*mxi onTne long side of the panel vertical to the protrusions 20. and the exhaust ports 103 are formed on the other 
ong Se thereof opposite to the long side on which the injection port 102 is formed. Moreover, as showr nn F,gsJ 02A 
and J.2B, when ^protrusions 20 are zigzagged, the liquid-crystal injection port 102 ,s ^^fj^ul 
the panel vertical to a direction in which the protrusions 20 are extending. As shown . Rgs 203A and 203^ the 
exhS ports 103 are preferably formed on a side of the panel opposite to the side on wh.ch the .nject.on port 102 ,s 

^""During injection of a liquid crystal, foams may be mixed in the liquid crystal. Once foams are mixed in a liquid crys- 
♦ a i ^lav ensues Assuming that a negative liquid crystal and a vertical alignment film are employed, when 

mSSSSSi bS dispSyTpeaTEve^f foamsare mixed in the liquid crystal, black display appears in areas 
clSnX wit? ^thefoal Th^mS of foams cannot therefore be discovered in this state. A voltage ,s applied to elec 
S3^tnTvS!e^ay will appear. When black display does not appear in any area, it is confirmed that no foam 
S^^SSSSSa". Hciever. since there is no electrode near the liquid-crystal injection port, even foams 
are Sin a porJon of the liquid crystal near the liquid-crystal injection port, the foams cannot be discovered. If foams 
TreTeslntinK^ 

* B^To^EE. injecL port must therefore be discovered. In a liquid crystal display of the 

£n Iherlforras shown in Fig. 207. an electrode 120 is formed near an injection port 1 01 outtde a d.splay area 121 

and'the black matrices 34 so that mixing of foams in this portion of a liquid crystal can be detected. 

A?ex P Sned above, the VA system liquid crystal display device using the domain regula ing means such as the 
orotrusi^arSSe recess the slit, etc, does not require the rubbing treatment. Therefore, contamination in the manu- 
fectrina proSss can ^drastically reduced, and a part of the washing process can be omitted. However, the negative 
S^Em3^£w "sed has lower contamination resistance to organic materials, particularly to P°^Jhan« 
S. and the Tin 5han the positive type liquid crystal that is ordinarily used, and involves the problem thatd.splay 
defers ThTs display defect presumably results from the drop, of the specific resistance of the contam.nated bqud 

^Therefore examinations are first made as to which size of the polyurethane resin and the skin causes this display 
defect FigT 205A to 205C show the VA system liquid crystal panel. After the vertical alignment film is formed I on the 
to 2-bsStes 16 and 17. several polyurethane resins having a size of about 10 ^m are put on one of the substrate^ 
Ste Z ^ Sace s 45 a re ormed 0 £ one of the substrates and the seal material 101 . on the other the substrates are 
£ond£ t each other and the panel is manufactured by charging the liquid crystal. As a result, it is found out that the 
Xrcthanl^ 

andTe Si defeS tdJ ?to contamination of the liquW crystal is recognized within the range of 0.5 to 2 mm with the 

P °^T^:ZsZ ^investigation of the contamination area of the liquid crystal by ^XUs^ 
the pojurethane resin 700. Assuming that no problem occurs when the display has a size c no I 
sauare on the panel the size of the polyurethane resin must be not greater than 5 urn. Th.s also holds true of the sknr 
Z SescrS above the polyurelhane resin and the skin lower the specific resistance of the hqu,d crystal, thereby 
inviting Z d Sa dSect Therefore, the relationship between the mixing quantity of the polyurethane resin and the 
I S resistance is examined. Fig. 207 shows the calculation result of frequency dependence of an equ«v. 

c^'th. o£ ofthe effective voltage. It can be appreciated ^«^J2SS5! h 
drop of the specific resistance of at least 3 digits within the frequency range of 1 to 60 Hz that .s associated w.tn 

practical display ^ ^ ^ ^ ^ ^ js dj n ^ wh the resistance 
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liquid crystal is thereafter left standing so as to measure the specific resistance of the supernatant It is found out from 
Z result that the specific resistance drops drastically when the mixing quantity of the polyurethane res,n ,s about 
1/1000 in terms of a molar ratio. 

It is concluded from the explanation described above that non-uniform display does not occur at the level at wh.ch 
the mixing quantity of the polyurethane and the skin is not greater than 1/1000 in terms of the molar ratio. 

The emb^ments of panels according to the present invention in which directions of alignment of liquid crystalline 
mo.ecu^ dSed by L domain regulating means have been described so far. As already descnbed. .t .s known 
M^^Mion f ifm are available for improving the view ang.e performance. Next emb^ments regard.ng char- 
acteScs and arrangements of the retardation films will be described. The LCD panels of these embodiment^ have 
pSons Sown in Fig. 54. Namely, in the VA LCD panel, the directions of a.ignment of liquid crystalline molecu.es 

are divided into four areas in each pixel. . . rrtHaH i9 n -> 

Fig 210 is a diagram showing a constitution of a prior art VA LCD. A space formed between two. electr oded^ 12 13 
is sealed wUh a liquid crystal material. Thus a liquid crystal panel is completed. As shown ,n Rg^lO. a f.rs polanz.ng 
Tand a second polarizing plate 15 are arranged at both sides of the panel. In the VA LCD. vertical alignment 
fi ms are formed on the electrodes and the liquid crystal has negative dielectric consta nt 

tions of the two vertical alignment films are different each other by 180 degrees. Further, the rubbmgd, rectons inter- 
sects with the absorption axis of the polarizing plates. Namely, the VA LVD panel .s that shown ,n Figs. 7A to 7C. F,g^ 
"fsh^s^ 

an eight-gray-scale level driving operation in such a case. From these results, contrasts at directions of 0 . 90 . 180 
and 270° are low and the gray-scale reversal occurs in wide view-angle. 

Fig 213 stows a constitution of a VA mode LCD device in which protrusion patterns as Ulustrated in F.g. 54 are 

f ° rm Ffg 214 shows iso-contrast curves in the case of the LCD device shown in Fig. 213. Further. Fig. 215 shows view- 
ing angle regions, in each of which gray-scale reversal occurs during an eight-gray-scale-level driving operation n he 
case o? such a liquid crystal display device. These figures reveal that although the gray-scale reversal is improved in the 
SseofSsde^e as compared .with thecase of the conventional device of the VA (vertically aligned) type, the .mprove- 
ment on the qray-scale reversal is insufficient and that the contrast is not improved very much. 
A^ 

ent Application Nos 9-29455/1997 and 8-259872/1996. whose priority is based on the Japanese Patent Apphcation No. 
SSSMh viewing ang.e characteristics of a liquid crystal disp.ay device of the VA type, on which the , align- 
ment div sion is performed by rubbing, are improved by providing an optical retardation film (namely, a .phase ditto ence 
5 therein. These Japanese Patent Applications, however, do not refer to the cases of performing the alignment d.v,- 
sion by protrusions, depressions (or dents) or slits respectively provided in pixel electrodes 

in the following, conditions for further improving the viewing angle characteristics of a liquid crystal d'splay device 
of the VAtype, which is adapted to perform the alignment division in each pixe. through the use of Protrusions, depres- 
sions or slits provided in the pixel electrodes, by providing an optical retardation f.lm therein w.HI be described. 

Firet the optica, retardation film used in the device of the present invention will be descnbed her e'nbelow by re er- 
rinp to Rg 216 As illustrated in Fig. 216, let n x and n y designate dielectric constantes (or indices) respectively corre- 
Zdin^o inpiane directions defined in a surface of th'e film. Further, ,et n z denote • 

of thickness thereof. The following relation among the dielectric constantes n x , n y and n, holds in the phase d.fference 
film to be used in the device of the present invention: n x , riy 2: n z . 

Incidentally, an optical retardation film, in which the following relation holds: 

n, ) n, » n,, 

has optically positive uniaxiality therein. Hereunder, such a phase difference film will be referred to simply as a positive 
unfaSS Axis extending in a direction corresponding to a larger one of the dielectric cons antes n and n s reared 
to L^a ohase laa axis In this case, n x > rv Therefore, the axis extending in the x<Jirect.on -s referred to as the phase 
ac ^sTet d Sna e the thicknei of Ihe film. When light passes through this positive uniaxial f i .m. t ne fdlow^Q 
^ difference (^optical retardation) R is caused in an inplane direction: R = (n x • "i^^^ pha ^ 
ierence caused by the positive uniaxial film" indicates a phase difference caused in an inplane direction. 
Moreover, a phase difference film, in which the following relation holds. 

= n y ) rv 



has optically negative uniaxiality in the direction of a normal to the surface thereof. Hereunder, such a phase difference 
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film will be referred to simply as a negative uniaxial film. Let d designate the thickness of the film. When light passes 
through this negative uniaxial film, the following phase difference R is caused in the direction of the thickness thereo : 
R = ((n x + n y )/2 - n z )d . Hereinafter, the "phase difference caused by the negative uniaxial film indicates a phase dif- 
ference caused in the direction of the thickness thereof. 

s Furthermore, a phase difference film, in which the following relation holds: n x > n, > n z , has (optical) biaxiality Here- 

under such a phase difference film will be referred to simply as abiaxial film. In this case. n x > n r Therefore the axis 
extending in the x-direction is referred to as the phase lag axis. Let d designate the thickness of the film. When light 
passes through this positive uniaxial film, the following phase difference R is caused in an mplane direction: 
R = (n x - n y )d (incidentally. n x > n y ). Further, the phase difference R caused in the direction of the thickness thereof is 

w predetermined by the following equation: 

R = ((n x + n y )/2-n z )d. 

Fig. 21 7 is a diagram showing the constitution of a liquid crystal display device which is a 52th embodiment of the 
15 present invention. . 

Color filter and a common electrode (namely, what is called a full-surface covering electrode) are formed on the liq- 
uid-crystal-side surface of CF (Color Filter) substrate that is one of substrates 91 and 92. Further. TFT elements, bus 
lines and pixel electrodes are formed on the liquid-crystal-side surface of TFT substrate that is the other of the sub- 
strates 91 and 92 

Vertical alignment film is formed on the liquid-crystal-side surfaces of the substrates 91 and 92 by applying a verti- 
cal alignment material thereto through transfer printing, and by then burn the material at 180°C. Subsequently, a posi- 
tive photosensitive overcoating (or protecting) material is applied onto the vertical alignment film through spin coat.ng. 
Then a protrusion pattern shown in Fig. 54 is formed by performing prebaking, exposure and postbaking. 

The substrates 91 and 92 are bonded together through a spacer having a diameter of 3.5 nm. Further, a space 
formed therebetween is sealed with a liquid crystal material having negative dielectric constant anisotropy. Thus a liqu.d 
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crystal panel is completed. „„.„„ 
As illustrated in Fig 217, the liquid crystal display device, which is the 52th embodiment of the present invention, 
is constituted by placing a first polarizing plate 1 1. a first positive uniaxial film 94, two substrates 91 and 92. a second 
positive uniaxial film 94 and a second polarizing plate 1 5 therein in this order. Incidentally, the first and second uniaxia 
30 films 94 are placed so that the phase lag axis of the first positive uniaxial film 94 intersects with the absorption axis of 
the first polarizing plate 1 1 at right angles. 

Fig 218 shows iso-contrast curves in the case that each of the phase differences Ro and R, respectively corre- 
sponding to the first and second positive uniaxial films 61 of the 52th embodiment is set at 110 nm. Further. Fig. 219 
shows viewing angle regions, in each of which gray-scale inversion occurs during an eight-gray-scale-level dnvmg oper- 
as ation in such a case. As is apparent from the comparison with Figs. 214 and 21 5. a range, in which high contrast is 
obtained, is enlarged extensively, with the result that the gray-scale reversal does not occur in the ent.re viewing angle 
region Consequently, the viewing angle characteristics are considerably improved. 

Incidentally the viewing angle characteristics were studied by changing the retardation R 0 and R, in various ways 
in the case of the constitution of Fig. 21 7. Process of studying the viewing angle was as follows. First, while changing 
40 the phase differences R 0 and R,. an angle at which the contrast (ratio) was 10, was found in each of an upper right 
direction (corresponding to an azimuth angle of 45° towards the right top), an upper left direction (corresponding to an 
azimuth angle of 135° towards the left top), a lower left direction (corresponding to an azimuth angle of 225 towards 
the left bottom) and a lower right direction (corresponding to an azimuth angle of 315" towards the right bottom) with 
respect to the liquid crystal panel, as viewed in this figure. Fig. 220 is a contour graph showing each contour that con- 
45 nects points, each of which is represented by coordinates R 0 and R, thereof and corresponds to the found angle having 
a same value. Incidentally, the contour graphs respectively corresponding to the upper right direction the upperleft 
direction the lower left direction and the lower right direction were the same with one another. It is considered that this 
was because four regions obtained by the alignment division were equivalent to one another as a result of using the 

protrusion pattern shown in Fig. 54. 

so In the case of Fig. 217. the angle, at which the contrast ratio is 10 in each of the d.rections respect.vely correspond- 
inq to the azimuth angles 45°. 135°, 225° and 315°. is 39°. This reveals that the use of the optical retardation film is 
effective in the case of the combination of the coordinates R 0 and R, shown in Fig. 223. Incidentally, in the case illus- 
trated in Fig. 223, the angle, at which the contrast ratio is 10, is not less than 39° when R 0 and R, meet the Mowing 
conditions or requirements: 

55 R 1 <;450nm-R 0 , R 0 -250nmsR 1 <. R 0 + 250 nm. 0sR 0 and 0<;R 

Additionally, the retardation An -d caused in a liquid crystal was changed within a piratical range. Moreover, the 
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twist angle was changed within a range of 0 to 90°. Similarly, the optimum conditions for R 0 and R, were obtained. As 
a result, it was ascertained that the optimum conditions were the same as the aforementioned requirements even in 
such cases. 

Fig 221 is a diagram showing the constitution of a liquid crystal display device which is a 53rd embodiment of the 

5 present invention. This embodiment is different from the 52nd embodiment in that two positive uniaxial films, namely, 
first and second positive uniaxial films 94 are placed between the first polarizing plate 1 1 and the liquid crystal panel, 
that the phase lag axes of the two positive uniaxial films 94 intersect with each other at right angles and that the phase 
lag axis of the second positive uniaxial film adjoining the first polarizing plate 1 1 intersects with the absorption axis of 
the first polarizing plate 1 1 at right angles. 

w Fig. 222 shows iso-contrast curves in the case that the phase differences R 0 and R, respectively corresponding to 
the first and second positive uniaxial films 61 of the 52nd embodiment are set at 110 nm and 270 nm, respectively. Fur- 
ther, Fig. 223 shows viewing angle regions, in each of which gray-scale inversion occurs during an eight-gray-scale- 
level driving operation in such a case. As is obvious from the comparison with Figs. 214 and 215, a range, in which high 
contrast is obtained, is enlarged extensively. Moreover, the range, in which the gray-scale reversal occurs, is greatly 

is reduced. Consequently, the viewing angle characteristics are considerably improved. 

Fig. 224 shows the viewing angle characteristics obtained as a result of being studied by changing the phase dif- 
ferences R 0 and R t of the first and second uniaxial films 94 in various ways in the case of the constitution of Fig. 221 . 
similarly as in the case of the 52th embodiment. The viewing angle characteristics shown in Fig. 224 are the same as 
of Fig. 220 and are illustrated by a contour graph showing angles, at which the contrast ratio is 10. in terms of coordi- 

20 nates R 0 and Ri . As is seen therefrom, the angle, at which the contrast ratio is 10, is not less than 39° when R 0 and R, 
meet the following conditions or requirements: 

2R 0 - 170nm <; R 1 ^2R 0 + 280nm, 

25 R t ^-R 0 /2 + 800nm,0sR 0 and0sR 1 . 

Further, it was ascertained that the optimum conditions were the same as the aforementioned requirements even 
in the cases where, similarly, in the case of the 53th embodiment, the retardation An -d caused in a liquid crystal was 
changed within a practical range and where, moreover, the twist angle was changed within a range of 0 to 90°. 
30 Fig. 225 is a diagram showing the constitution of a liquid crystal display device which is a 54th embodiment of the 
present invention. 

This embodiment is different from the 52th embodiment in that the first negative uniaxial film 95 is placed between 
the liquid crystal panel and the first polarizing plate 1 1 and that the second negative uniaxial film 95 is placed between 
the liquid crystal panel and the second polarizing plate 15. 
35 Fig. 226 shows the viewing angle characteristics obtained as a result of being studied by changing the phase dif- 
ferences R 0 and ^ in various ways in the case of the constitution of Fig. 225, similarly as in the case of the 52th embod- 
iment The viewing angle characteristics shown in Fig. 226 are the same as of Fig. 220 and are illustrated by a contour 
graph showing angles, at which the contrast ratio is 10, in terms of coordinates R 0 and H v As is seen therefrom, the 
angle at which the contrast ratio is 10, is not less than 39° when R 0 and meet the following condition or requirement: 



40 



R 0 + R 1 <; 500 nm. 



Incidentally, similarly, in the case of the 54th embodiment, the retardation An -d caused in a liquid crystal and the 
upper limit to the optimum condition were studied by changing the retardation An • d within a practical range. Fig. 227 
45 illustrate results of this study. Let R LC denote An • d caused in the liquid crystal. Consequently, the optimum value in the 
optimum condition for a sum of the phase differences respectively corresponding to the phase difference films is not 
more than (1 .7xR LC + 50) nm. , 

Further although this characteristic condition relates to the contrast (ratio), the optimum condition for the gray-scale 
reversal was similarly studied. Angles, at which gray-scale reversal occurs, were found by changing the phase differ- 
so ences R 0 and R« in the direction of the thickness of the first and second negative uniaxial films 95 in various manners 
in the constitution of Fig. 225, similarly as in the case of the contrast ratio. Fig. 228 shows contour graphs obtained from 
the found angles, which is illustrated by using the coordinates R 0 and R, . Incidentally, the angle, at which the gray-scale 
reversal occurs in the case illustrated in Fig. 215, is 52-. Thus, when the phase differences R 0 and R, have values at 
which the angle enabling an occurrence of the gray-scale reversal is not less than 52° in the case illustrated in Fig. 228, 
55 the phase difference film has an effect on the gray-scale reversal. In the case shown in Fig. 228. the angle, at wh.cn the 
contrast ratio is 10. is not less than 39° when R 0 and R, meet the following condition or requirement: 

R 0 + R 1 £ 345 nm. 
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Then in the case of the 54th embodiment, the relation between An • d caused in a liquid crystal (display) cell and 
the upper'limit to the optimum condition was studied by changing the retardation An • d within a practica range. Fjo229 
illustrate results of this study. This reveals that the upper limit to the optimal condition .s nearly constant independent of 
An -d caused in the liquid crystal cell and that the optimum condition for a sum of the phase differences respectively 
s corresponding to the phase difference films is not more than 350 nm. 

It is desirable that the angle, at which the contrast ratio is not less than 50°. Further, in view of the gray-scale 
reversal and An • d caused in the liquid crystal cell, it is preferable that a sum of the phase differences respectively cor- 
responding to the phase difference films is not less than 30 nm but is not more than 270 nm. 

Moreover, as a result of studying the optimal condition by changing the twist angle in a range of 0 to 90 . it .s found 
w that the optimum condition was the same as the aforementioned requirement. 

A 55th embodiment of the present invention is obtained by removing one of the first and second negative umaxia 
films 95 from the constitution of the liquid crystal display device of Fig. 225, which is the third embodiment of the present 

inVe Fiq n 230 shows iso-contrast curves in the case that the phase difference corresponding to one of the negative 
uniaxial films 95 of the 55th embodiment is set at 200 nm. Further, Fig. 231 shows viewing angle regions in each of 
which gray-scale inversion occurs during an eight-gray-scale-level driving operation in such a cas* As is 
the comparison with Figs. 214 and 215. a range, in which high contrast is obtained, is enlarged extensively. Moreover, 
the range in which the gray-scale reversal occurs, is greatly reduced. Consequently, the viewing angle characteristics 
are considerably improved. Moreover, the optimal condition for realizing the contrast ratio of 10 and the optimal condi- 
tion for the gray-scale reversal were studied. Results of this study reveal that it is sufficient to use a s.ngle negative 
uniaxial film having the phase difference corresponding to a sum of the phase differences of the negative uniaxial films 

° f *Ea*^56tMoSi embodiments of the present invention uses the combination of positive and negative uniaxial 
films. Although there are various kinds of modifications to the arrangement of such films, it has been found that the con- 

25 stitutions of the fifth to seventh embodiments have (advantageous) effects. 

Fig. 232 is a diagram showing the constitution of a liquid crystal display device which » a 56th embodiment of the 

PreS The' seth^embodiment differs from the 52th embodiment in that a negative uniaxial film 95 is used and placed 
between the liquid crystal panel and the first polarizing plate 1 1 instead of the first positive uniaxial film 9* 

Fig 233 shows iso-contrast curves in the case that the phase difference Rq in an .nplane direction ,n the surface of 
the positive uniaxial film 94 and the phase difference R 1 in the direction of thickness of the negative uniaxial Hrfrn ,95 are 
set at 1 50 nm in the 56th embodiment. Further. Fig. 234 shows viewing angle reg,ons. .n each of which gray-scale inver- 
sion occurs during an eight-gray-scale-level driving operation in such a case. As is obvious from the comparison wrth 
Fias 214 and 215 a range, in which high contrast is obtained, is enlarged extensively. Moreover, the range, .n which 
the gray-scale reversal occurs, is greatly reduced. Consequently, the viewing angle characteristics are considerably 

imP rSe case of the 56th embodiment, the optimal condition for the contrast was studied. Fig. 235 shows results of 
this study which reveal that the optimum condition indicated by Fig. 235 was the same as illustrated in Fig 220^ 

Fb 236 is a dlag^m showing the constitution of a liquid crystal display device which is a 57th embodiment of the 

<o present invention. This embodiment is different from the 52th embodiment in that a positive untax -al f ,1ms i SJ^re placed 
between the liquid crystal panel and the first polarizing plate 1 1 and that a negative uniaxial Mm 95 .s placed beUveen 
^positive uniaxia. film 94 and the first polarizing plate 1 1 . The positive uniaxial film 94 is placed .n such a manner that 
the phase lag axis thereof intersects with the absorption axis of the first polarizing plate 1 1 at right angles 

Fig 237 shows iso-contrast curves in the case that the phase difference R 0 in an inplane direction ,n the Burface of 

45 the positive uniaxial film 61 and the phase difference R, in the direction of thickness of the negative uniaxial film K rare 
set at 50 nm and 150 nm in the 57th embodiment, respectively. Further. Fig. 238 shows viewing angle regions, , .each 
of which gray-scale inversion occurs during an eight-gray-scale-level driving operation tn such a case. As ,s obvious 
£om the comparison with Figs. 214 and 215, a range, in which high contrast is obtained ,s enlarged extensively More. 
oveT. theJange, in which the gray-scale reversal occurs, is greatly reduced. Consequently, the v,ew,ng angle character- 

so istics are considerably improved. . * ^..m** s=-.r, oiq ehnw<s results 

Even in the case of the 57th embodiment, the optimal condition for the contrast was studied. Fig. 239 shows results 
of this study, which reveal that the optimum condition indicated by Fig. 239 was the same as illustrated ml Fig j!20. 

Fig. 240 is a diagram showing the constitution of a liquid crystal display dev.ce which .s a 58th embc^en, .of the 
present invention This embodiment is different from the 52th embodiment in that a negative un,ax,al films 95 are placed 
55 between"he t,uVcryste> panel and the first polarizing plate 1 1 and that a positive uniaxial film 94 ,s placed between 
uniaxial film 95 and the first polarizing plate 1 1. The positive uniaxial film Mk|M«n«i manner 
that the phase lag axis thereof intersects with the absorption axis of the first polarizing plate 11 at nght angles. 

Fig 241 shows iso-contrast curves in the case that the phase difference R, in an inplane direction ,n the surface of 
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the positive uniaxial film 94 and the phase difference R 0 in the direction of *^!^^^^ 

set at 150 nm in the 58th embodiment. Further. Fig. 242 shows view.ng angle regions ,n each of which gray .nver 
thf gray^e r£^££ * great?y reduced. Consequent., the viewing ang.e charactenst.es are consrterably 

imP ^n in the case of the 58th embodiment, the optimal condition for the contrast was studied. F^»* 
of thfs Judy which reveal that the optimum condition indicated by Fig. 243 was the same as illustrated in F.g. 22a 
Rg 244 Z a diagram showing the constitution of a liquid crysta. display device which ,s an 59th embod.ment of the 

^TOstSment is different from the 52nd embodiment in that a phase difference film 96 whose inplane^ dielectric 
con James n and n v and dielectric constant n z in the direction of thickness thereof have the following relation. n n, * 
rfptceS X beZen Ihe liquid crystal panel and the first po.arizing plate 11 and that a posrtive umax.al m 94 s 
"emovS mSt , Sen the liquid crysJpanel and the second polarizing plate 15. The phase difference In 96 ,s 
pSt such a Inner thaUhe x-axis thereof intersect with the absorption axis of the f.rst po.anz.ng plate 1 1 at ngh. 

an9 'Sg 245 shows iso-contrast curves in the case that the x-axis is employed as the phase lag axis ol [the phase dif- 

ferencefHm 96 namely. n x > n y and that the phase difference in an inplane direct,on ,n the surface ° * e 

ohJ^d SSence in the direction of thickness thereof are set at 55 nm and 190 nm. respectively in the 59th embcxli- 

,„ EES Further Fio 246 shows viewing angle regions, in each of which gray-scale inversion occurs dunng an eight-gray- 
S-S S oplalon in sTch'a cak As is obvious from the comparison with Figs. 214 and 215. a ranga in 
Sch Ngh coSst is obtained, is enlarged extensively. Moreover, the range^ in which the^ grayscale reversal occurs, 
is greatly reduced. Consequently, the viewing angle characteristics are considerably ^P™^ 

Incidentally quantities B xy and R yz are defined as follows: R xy = (n x - n y )d , and R - (n y n . In the case s or 

2s the Sh embed ment the op imal condition for the contrast (ratio) was studied by chang.ng the quantrties R xy and R y , 
rvarTous waS ^g 247 shows the found optimal corxJition for the contrast. The optimum condition shown in 247 
was ; the same as the aforementioned cond^n (of Fig. 220). except that Ro and R, correspond to R and R y2 . respec- 
t^^r^ES that the angles, at which the contrast ratio is 10, are not less than 39° when the quantit.es 
R xy and R yz satisfy the following conditions: 

30 

R xz - 250 nm <, R yz <> R xz + 150 nm, 

Ryz *~ R xz + in °° nm - 

35 OsR^andOsR^. 

inriHpntailv let Rn and Ri denote the phase difference in an inplane direction of the phase difference film 96 and 
the SS^S^ "elSnoi thicLss thereof, respective., Th* the following re.ations hold for these phase 
differences: 

40 R o = (n x - n y )d = R xz - R yz - (in the case that n x ;> n y ); 

r 0 = (n y - n x )d = R yz - R xz - (in the case that n y £ n x ); 
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45 and 

Ryz = « n x + "y^ ■ n z) d = ( R xz • R yz)^- 
Therefore, the optimal conditions for R« and R yz are written as follows: 

R 0 ^250 nm, R^SOO nm. 
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001 ^raiarS of So^g the optima, condition simi.ar.y by changing the twist angle in a range o« 0 to 90-, it 
was found that the optimum condition was the same as the aforementioned requ.rement. 

A positive uniaxial film 

(n, > n y « n.) , 

a negative uniaxial film 

(n x - n y ) nj 

and a biaxial fi.m (n x > n y > n z ) are employed as the film 96. Namely, a single or a combination of such films may be 
Sse d^ncefnm of the present invention, which should be a*ed to the d^ doe, 

present invention can be implemented 'naMOSFE T LCD of a ref le «™ be jmplemented in both a TFT 

and realize an LCD exhibiting t » ,ormi " 9 pr ° UUSi ° nS 0 " ^ 
surpassing the one offered by the TN LCD. Moreover, ine apsides the rubbing step and after-rubbing 

strates or slitting electrodes, ^"^^ unnecessary. Since 

cleaning step which are required for T**^" 8 . *J^^ e „ ^nd product reliability can also be exerted. 
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Claims 

1. A liquid crystal display device comprising: a first substrate and asecond substrate processed Ifon /ertical 

and a liquid crystal having a negative dielectric constant anisotropy and be.ng sandwiched between said first and 
second substrates; orientations of said liquid crystal being vertical to said first and second substrates when no volt- 
age being applied, being almost horizontal to said first and second substrates when a P^™™*^ 
applied and being oblique to said first and second substrates when an intermediate voltage lower than the prede- 
termined voltage being applied. 

said first substrate comprising first domain regulating means for regulating azimuths of the oblique orientations 

slSrBSSiaSSulatir^ means comprising a first structure for partially changing a contact surface between 
said first substrate and said liquid crystal to inclined surfaces; 

wherein the liquid crystal in the proximity of said inclined surfaces being vertically oriented to said 
inclined surfaces when no voltage being applied, and azimuths of said liquid crystal far from said inclined sur- 
face being determined according to the azimuths of said liquid crystal in the proximity of said inclined surface 
when said intermediate voltage being applied. 

2. A liquid crystal display device according to claim 1 . wherein said first structure includes protrusions projected to a 
layer of said liquid crystal. 

3. A liquid crystal display device according to claim 2. wherein said protrusions are made of dielectric materials on a 
first electrode of said first substrate. 

4 A liquid crystal display device according to claim 2. wherein pixel electrodes are formed on said second substrate, 
each of S protrusions extends straight.* and said protrusions are arranged in parallel to one another w.th a pre- 
determined pitch among them. 

5 A liquid crystal display device according to claim 4. wherein said predetermined pitch is equal to an arrangement 
pitch of said pixel electrodes, said protrusions extend in parallel to edges of said pixel electrodes and pass on posi- 
tions facing to centers of said pixel electrodes. 

6 A liquid crystal display device according to claim 2, wherein pixel electrodes are formed on said second substrate 
' said protrusions have point-like figures and said protrusions are arranged at positions facing to centers of said pixel 

electrodes. 

7. A liquid crystal display device according to claim 1 , wherein said first structure includes depressions depressed 
from a layer of said liquid crystal. 

8 A liquid crystal display device according to claim 7. wherein said depressions are provided under a first electrode 
of rtd fM substrate and a surface of said first e.ectrode partially has inclined surfaces corresponding to sa,d 
depressions. 

9 A liquid crystal display device according to claim 7, wherein a first electrode of said first substrate includes slits 
operating as domain regulating means, said depressions and said slits are mutually arranged. 

10 A liquid crystal display device according to claim 1 . wherein said first structure includes protrusions projected to a 
layer of said liquid crystal and depressions depressed from said layer of said liquid crystal. 

11. A liquid crystal display device according to claim 11. wherein said protrusions and said depressions are mutually 
arranged in parallel with a predetermined pitch. 

1 2. A liquid crystal display device according to claim 1 . wherein area of said inclined surfaces in each pixel is less than 
50% of area of the pixel. 

1 3 A liquid crystal display device according to claim 1 . wherein said second substrate comprising second domain reg- 
ulating means for regulating azimuths of the oblique orientations of said liquid crystal; 
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14. A liquid crystal display device according to claim 13. wherein said second domain regulating means comprises a 
second structure for partially changing a contact surface between said second substrate and saic I liquid crysta to 
inclined surfaces, and said first and second structures include protrusions projected to a layer of said liquid crystal. 

5 15. A liquid crystal display device according to claim 1 3. wherein said second domain regulating means comprises a 
second structure for partially changing a contact surface between said second substrate and said liquid crystal to 
inclined surfaces, and said first and second structures include depressions depressed from a layer of sad liquid 
crystal. 

w 16. A liquid crystal display device according to claim 13, wherein said second domain regulating means comprises a 
second structure for partially changing a contact surface between said second substrate and sa.d l.qu.d crystal to 
inclined surfaces, one of said first and second structures includes protrusions projected to a layer of sa.d liquid 
crystal, and the other includes depressions depressed from a layer of said liquid crystal. 

is 17 A liquid crystal display device according to claim 1 3. wherein said second domain regulating means is slits provided 
' on a second electrode of said second substrate, and said first structure includes protrusions projected to a layer of 
said liquid crystal. 

18 A liquid crystal display device according to claim 13. wherein said second domain regulating means is slits provided 
' on a second electrode of said second substrate, and said first structure includes depressions depressed from a 

layer of said liquid crystal. 

19 A liquid crystal display device according to claim 13. wherein said second domain regulating means comprises a 
second structure for partially changing a contact surface between said second substrate and sa.d liquid crystal to 
inclined surfaces, and said first and second structures respectively include a pair of protrusions and depressions 
depressed from a layer of said liquid crystal. 

20 A liquid crystal display device according to claim 19. wherein said protrusions and depressions on each substrate 
are mutually arranged in parallel with pitches of one and three, said protrusions and depressions of said first and 
second substrates are arranged in parallel to each other and are arranged so that said protrusions and depressions 
face wide spaces corresponding to large pitch, and protrusions and depressions of different substrates respectively 
neighbor. 

21 A liquid crystal display device according to claim 13, wherein said first structure includes depressions depressed 
' from a layer of said liquid crystal, a first electrode of said first substrate includes slits, said second domam regulat- 
ing means comprises a second structure including depressions depressed from a layer of said liquid crystal and 
slits provided on a second electrode of said second substrate. 

22 A liquid crystal display device according to claim 21. wherein said depressions and slits on each substrate are 
' mufcmlly arranged in parallel with pitches of one and three, said depressions and slits of said f irst and second sub- 
strates are arranged in parallel to each other and are arranged so that said depressions and slits face wide spaces 
corresponding to large pitch, and protrusions and depressions of different substrates respectively neighbor. 

23 A liquid crystal display device according to claim 13, wherein said second domain regulating means comprises a 
second structure provided on said second substrate for partially changing a contact surface between said second 
substrate and said liquid crystal to inclined surfaces. 

24. A liquid crystal display device according to claim 23, wherein said first and second structures are made of dilerectric 
materials on electrodes of said first and second substrates. 

50 25. A liquid crystal display device according to claim 23. wherein said first and second structures are made of conduc- 
tive materials on electrodes of said first and second substrates. 

26. A liquid crystal display device according to claim 23. wherein said first and second structures are ^provided I under 
electrodes of said first and second substrates, and surfaces of said electrodes part.ally have inclined surfaces cor- 
responding to said first and second structures. 

27. A liquid crystal display device according to claim 23. wherein said first and second structures are arranged perimet- 
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ric portions outside of display area in which no pixel exists. 

28. A liquid crystal display device according to claim 24, wherein said dielectric material forming said first and second 
structures is photosensitive resist. 

29. A liquid crystal display device according to claim 28, wherein said photosensitive resist is a novolak resist. 

30. A liquid crystal display device according to claim 28. wherein said photosensitive resist is baked after a pattern is 
drawn. 

31 A liauid crystal display device according to claim 24, wherein the capacitance of said first and second structures is 
ten oMess l^umes Sge'r than the capacLce of a layer of said liquid crystal located under or near said protons. 

32 A liquid crystal display device according to claim 24, wherein the specific resistance of said first and second struc- 
tures is equal or larger than the specific resistance of said liquid crystal. 

33 A liquid crystal display device according to claim 24, wherein said first and second structures include protrusions 
proved to a layer of said liquid crystal, and said protrusions are made of material shielding visible hght. 

34 A liquid crystal display device according to claim 24. wherein said first and second structures include Protrusions 
prS to !a layer* said liquid crystal, and said protrusions are provided with dents each hav.ng a slope ,n a Ion- 
gitudinal direction. 

as A liauid crystal display device according to claim 24, wherein said first and second structures include protrusions 

iSSS^S^^ ■** and iuts each partIy having 3 slope in a ,on9itudinal ,on are 

on said protrusions. 

36 A .iquid crystal display device according to claim 24, wherein said first and second structures include protrusions 
proved to a layerof said ..quid crystal, and center portions of said protrusions are depressed. 

37 A liauid crystal display device according to claim 24. wherein said first and second structures includeprotrusions 
JrSS Va ^ olsL vw* crystal, and said protrusions inc.ude a plurality of small holes extending near to 
the surface of said electrodes. 

38. A liquid crystal display device according to claim 24, wherein said first and second structures include ion absorption 
ability. 

39. A liquid crystal display device according to claim 38. wherein said first and second structures are made of materials 
added with addition agent having ion absorption abilities. 

forming vertical alignment films thereon, 
41 . A liquid crystal display device according to claim 40, wherein said surface treatment to the surfaces of said protru- 
sions is effected for forming ruggedness. 

protrusions. 

43. A liquid crystal display device according to claim 40, wherein said protrusions are made of materials in which par- 
ticulates are dispersed. 

44. A liquid crystal display device according to claim 40, wherein silane coupling agent is coated on the surfaces of said 
protrusions. 

45. A liquid crystal display device according to Calm 24. wherein said first and second structures are formed by print- 
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ing. 



46 A liauid crystal display device according to claim 24. wherein said first and second structures includes Protrusions 
orSed tc aye7 of said liquid crystal, a diameter of spherical spacers dHining a thickness of said layer of sa I q- 
u!?S?a! is a ^ dmelce sSracti a neigh, of said protrusions from a desirab.e thickness of said l.quid crystal 
layer. 

47 A liauid crystal display device according to claim 46. wherein a ratio of area of said protrusions with respect to dis- 
p.a TafeaTsteS 1/10 to 1/2, said spacers have a partic.e size distribution whose standard dev.at.on ,s 0.1 to 
S.3 micrometeTand said spacers are dispersed with a density of 300 particles per square mi.hmeter. 

48. A liquid crystal display device according to claim 46. wherein hardness and elastic modu.us of the material forming 
said protrusions are larger than those of said spacers. 

49. A liquid crystal display device according to claim 24. wherein said first and second structures includes at least one 
layer simultaneously formed with other portions of the device. 

50 A liquid crystal display device according to claim 49. wherein one of said first and second st ructures.^ which is on a 
TFT subSSe on which active elements are formed, includes at least one insulatmg layer for insulating said active 
20 elements or bus lines. 
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a linuid crvstal disolav device according to claim 49. wherein one of said first and second structures, which is on a 
^^^^SS^£^ir?MnAs on which active elements are formed, includes protrus.ons pro- 
o a £Te oS quS SaUnd said protrusions on said CF substrate is made of materials same as m*e- 
S oi bla k mawcts fo?shield ng light at boundaries between pixel e.ectrodes and bus lines or port,ons of act,ve 
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A liauid crystal display device according to claim 51 , wherein one of said first and second structures, which is on a 
« £ m« «S substrate facing a TFT substrate on which active elements are formed, includes protrusions pro- 
gSd ; Tafcyer 'S^S^. and sa* protrusions on said CF substrate are formed by piling at .east one 
material of color filters. 

53 A liauid crystal display device according to claim 51 . wherein one of said first and second structures, whtehisona 
™S mer WH^SSate facing a TFT substrate on which active elements are formed, includes protrusions pro- 
SdTaKrSilliquU crystal, said protrusions on saW CF substrate are formed by photo hthography with a 
mask corresponding to piled portions of at least two color filters. 

,0 . oS «uZL. an eM ,0d» o. ,.id CF S «e is tern- on co to ««. and saO p.o,ru- 
sions on said CF substrate are formed at boundaries of said color filters. 

55. A liquid crystal display device according to claim 23, wherein a part of said first and second structures are arranged 
at a perimeter of each pixel. 

56. A liquid crystal display device according to claim 55. wherein said first and second structures arranged at a perim- 
eter of each pixel are made of material shielding light. 

57 A liquid crystal display device according to c.aim 55. wherein said first and second structures arranged at a perim- 

eter of each pixel define a thickness of a layer of said liquid crystal. 
58. A liquid crysta.disp.ay device according to c.aim 55. wherein the perimeter at which said first and second structures 
are arranged is a part of whole perimeter of each pixel. 

- - *sr^:rn^^ 

ness of a layer of said liquid crystal. 
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60. A liquid crysta. display device according to claim 23. wherein said first and ^ 

projected to a layer of said liquid crystal, a sum of height of said protrusions of said first and height of sa,d protru 
SSToJsaid second structures is equal to a desirable thickness of a .ayer of said Hquid crystal. 

5 61. A liquid crystal display device according to claim 13. wherein said second domain regulating means includes slits 
provided on a second electrode of said second substrate. 

62 A liauid crvstal display device according to claim 61. wherein said second electrode consists of pixel electrodes. 
tJSS^S^co^ Par?ia. electrodes divided by said slits and electrical connection port.ons elec 
10 trically connecting said partial electrodes. 

63. A .iquid crystal display device according to claim 62. wherein said e.ectrical connection portions are arranged at 
perimeter of said pixel electrode. 
,s 64. A liquid crysta. display device according to claim 62. comprising light shield means for shielding a part of said elec- 
trical connection portions. 

A liquid crystal display device according to claim 62. wherein said second domain regulating means includes pro- 
trusions higher than surfaces of said pixel electrodes and arranged inside said sl.ts. 

A liquid crystal display device according to claim 13. wherein said first structure is an array of ^ otru ^ n ^ n ^ 
or XSns (grooves) each extending straightly, said protrusions or depressions are arranged in para ^le to one 
another with a predetermined pitch among them, second domain regulating means includes an arrayo f P"*^m 
1 H^roccinnc or slits each extending straightly, said protrusions, depressions or slits are arranged in paraiiei 10 
ZfSSZZZ pTSeSl d ed 9 pitchUng them, said predetermined pitch is less than an arrangement 
pitch of said pixel electrodes. 

in Tone another with a predetermined pitch among them, directions in which said protrusions or depres- 

sions or £sZ '.I!? pairs extend are different to each other, and said predetermined pitches are less than an 
arrangement pitch of said pixels. 
68 A liquid crystal display device according to claim 67. wherein said directions in which said protrusions or depres- 
sions or slits of said pairs extend are mutually different by 90 degrees. 

said protrusions or slits face. 

70. A liquid crysta. display device according to any one of claims 66 to 69. wherein said predetermined pitch is an inte- 
45 gral submultiple of arrangement pitch of said pixels. 

-mmmmwm 

slits are arranged in parallel to one another with said predetermined pitch among them. 

72. A .iquid crystal display device according to c.aim 71 . wherein pixel electrodes are bent in zigzag, and patterns of 
said protrusions, depressions or slits correspond to said pixel electrodes. 

73. A .iquid crystal display device according to Cairn 71 , wherein bus .ines are partiaHy bent in zigzag and in corre- 
spondence to the patterns of said pixel electrodes. 
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74 A liquid crystal display device according to claim 71 , wherein a pattern of each pixel electrode is almost a square, 
and pixel electrodes in adjoining row are mutually offset by a half of arrangement pitch of said pixel electrodes. 

75. A liquid crystal display device according to claim 74, wherein data bus lines extend in zigzag along with edges of 
said pixel electrodes. 

76. A liquid crystal display device according to claim 71 , wherein said predetermined pitch is an integral submultipie of 
said pixels. 

77. A liquid crystal display device according to claim 76, wherein said predetermined cycle is an integral submultipie of 
said pixels. 

78 A liquid crystal display device according to any one of claims 66, 67 or 71 , wherein said first structure includes pro- 
trusions said second domain regulating means includes protrusions or slits, said protrusions of said first structure 
and said protrusions or slits of said second domain regulating means are offset by a half of said predetermined 
pitch. 

79 A liquid crystal display device according to any one of claims 66, 67 or 71 . wherein said first structure includes pro- 
trusions said second domain regulating means includes protrusions or slits, said protrusions of said first structure 
and said protrusions or slits of said second domain regulating means are offset from a state in which said protru- 
sions or slits face, and said offset is fully smaller than said predetermined pitch. 

80 A liquid crystal display device according to any one of claims 66, 67 or 71, wherein said first structure includes 
depressions said second domain regulating means includes depressions, said depressions of said first structure 
and said depressions of said second domain regulating means are offset by a half of said predetermined pitch. 

81 A liquid crystal display device according to any one of claims 66, 67 or 71. wherein said first structure includes 
depressions said second domain regulating means includes protrusions or slits, said depressions of said first 
structure and said protrusions or slits of said second domain regulating means are arranged to face to each other. 

82 A liquid crystal display device according to claim 1 , wherein said first structure includes protrusions, a liquid crystal 
injection port through which said liquid crystal in injected into a gap between said first and second substrates is 
located on a side of said device vertical to a direction in which said protrusions are extending. 

83 A liquid crystal display device according to claim 82, wherein exhaust ports through which an air or liquid crystal is 
exhausted from the gap when said liquid crystal is injected are located on a side opposite to the side on which said 
liquid crystal injection port is located. 

84. A liquid crystal display device according to claim 82, wherein an electrode used to apply a voltage to said liquid 
crystal and having no relation to display is formed near said liquid crystal injection port. 

85 A liquid crystal display device according to claim 23, wherein said first structure includes protrusions formed with a 
* two-dimensional lattice, said second structure include point-like protrusions respectively facing centers of each 
frame element of said two-dimensional lattice. 

86. A liquid crystal display device according to claim 85, wherein at least one of arrangement pitches of said two- 
dimensional lattice is smaller than one of arrangement pitches of pixel electrodes. 

87. A liquid crystal display device according to claim 85, wherein arrangement pitches of said two-dimensional lattice 
coincide with arrangement pitches of pixel electrodes. 

88 A liquid crystal display device according to claim 86, wherein said protrusions having said two-dimensionaMattice 
' form are arranged on boundaries of pixel electrode on a TFT substrate on which active elements are formed, ^and 

said point-like protrusions are arranged on a color filter substrate facing said TFT substrate so that each point-tike 
protrusion faces to a center of each pixel electrode. 

89 A liquid crystal display device according to claim 23, wherein said first and second structures includes a plurality of 
' groups each having protrusions extending along edges of rectangulars of similar figures and of different sizes, and 
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said protrusions are mutually arranged so that centers of respective rectangulars coincide to each other. 

90 A liquid crystal display device according to claim 89. wherein said rectangulars are similar to said pixels, a maxi- 
' mum size of said rectangular coincides with that of each pixel, and centers of said rectangulars of each group coin- 
cide with a center of each pixel. 

91 A liquid crystal display device according to claim 13, comprising auxiliary domain regulating means arranged 
' perimeters of each pixel for generating orientation regulation force in a direction different from the direction of ori- 
entation regulation force by the electric field generated in a non-display region. 

92. A liquid crystal display device according to claim 91 . wherein said auxiliary domain regulating means is arranged 
along a part and in the neighborhood of an edge of said pixel. 

93 A liquid crystal display device according to claim 23. wherein said first and second domain regulating means are 
" protrusions projected to a layer of said liquid crystal, pixel electrodes are provided on said first substrate, a counter 
electrode is provided on said second electrode, and at the edges of each pixel electrode extending in para Hel to the 
extending direction of said protrusions, the protrusions nearest to the pixel electrode ins.de said pixe e ectrode are 
located on said second substrate, and the protrusions nearest to the pixel electrode outside sa,d pixel electrode are 
located on said first substrate. 

20 94. A liquid crystal display device according to claim 93. wherein said protrusions nearest to said pixel electrode out- 
side said pixel electrode are arranged on a bus line. 

95 A liquid crystal display device according to claim 23. wherein said first and second domain regulating means are 
Z5 ar js of protrusions projected to a layer of said liquid crystal, and in said array of protrus,ons. at east one repeti- 
tion condition of the array such as the width of the protrusions, the interval between adjacent protrusions and the 
height of the protrusions includes at least two different values. 

96. A liquid crystal display device according to claim 95. wherein the interval between adjacent protrusions is smaller 
30 in the neighborhood of the bus line than at the central portion of the pixel. 

97 A liquid crystal display device according to claim 95. wherein a plurality of pixels constitute a set of pixels, at least 
" one of the width of the protrusions, the interval between adjacent protrusions and the height of the protrus.ons .s 
different among a plurality of pixels constituting each set of pixels, and the width of the protrusions, the .nterval 
35 between adjacent protrusions and the height of the protrusions are fixed in each pixel. 

98. A liquid crystal display device according to claim 97. wherein the thickness of the layer of said liquid crystal is dif- 
ferent at the plurality of pixels constituting the set. 

99 A liquid crystal display device according to claim 23. wherein said first and second domain regulating means are 
arr js of Protrusions projected to a layer of said liquW crystal, and said array of protrusions .ncludes periodically- 
repeated protrusions having two or more different values of side surface inclination angles (taper angles). 

100.A liquid crystal display device according to claim 99. wherein a plurality of pixels constitute a set of pixelsjhe side 
surface inclination angle of a protrusion is varied from one pixel to another in each p.xel set. and the side surface 
inclination angle of the protrusion in each pixel is fixed. 

101 A liquid crystal display device according to claim 13. comprising auxiliary electrodes (CS electrodes) for forming a 
storage capacitor with pixel electrodes, wherein said auxiliary electrodes are formed along of sad doma-n regu.at- 

so ing means. 

102.A liquid crystal display device according to claim 13. comprising light shielding patterns provided along of said 
domain regulating means. 

« 103 A liauid crystal display device according to claim 13. wherein said first structure is a first array of protrusions 
^arSS^cSSS ^sightly in af irst direction, said protrusions are arranged in parallel to one another wrth a 
SeTermTnedTsTpUch among them, said second domain regulating means includes a second array of pre** 
straight* in a second direction different from the first direction, sa.d protons or sl.ts 
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are arranged in parallel to one another with a predetermined second pitch among them. 

104. A liquid crystal display device according to claim 103, wherein additional protrusions or slits are further prowdedat 
centers of frames, which are formed when vertically seen to the substrates by sa.d f.rst array of protrusions and sad 

s second array of protrusions or slits, on either of said first or second substrate. 

105. A liquid crystal display device according to claim 104, wherein said additional protrusions or slits have figures sim- 
ilar to the frames. 

10 106 A liquid crystal display device according to claim 103, wherein said first array of protrusions and said second array 
of protrusions or slits are crossed at right angle when vertically seen to the substrates. 

107 A liquid crystal display device according to claim 103, wherein a sum of a thicknesses of said protrusion of said first 
^ay and a thicknesses of said protrusion of said second array is equal to the thickness of a layer of sa,d liqu.d crys- 
15 tal, and crossing portions of said protrusion of said first and second arrays operate as spacers. 

108. A liquid crystal display device according to claim 13. wherein said first structure includes P^f^^^ 8 
firs "two-dimensional lattice, said second domain regulating means includes protrusions or it • Jn^ed wi*. s .sec- 
ond twoOimensional lattice having same array pitches as those of said f.rst two-dimensional lattice, and sa,d f.rst 

20 and second two-dimensional lattices are offset by half pitches of said array pitches. 

109. A liquid crystal display device according to claim 108. wherein crossing portions which are toim *™ h ™™^ v 
seen to the substrates by said first array of protrusions and said second array of protrus-ons or sl.ts, are mutually 
omitted, and said protrusions or slits of said first and second arrays are intermitten. 

110 A liquid crystal display device according to claim 23, wherein said first and second structures include, ^»or» 
(bante) of dielectric materials each extending straightly in one direction, said P^^^T^ ^Sl 
to one another with a predetermined pitch among them, electrodes of said first and second substrates are partially 
formed on one of slopes of said protrusions. 
111.A liquid crystal display device according to claim 110. wherein said dielectric materials forming said protrusions 
passes visual light. 

112 A liquid crystal display device according to claim 110. wherein said protrusions of different substrates are arranged 
so that slopes of said protrusions on which no electrode is formed are nearer to each other. 

113 A liquid crystal display device comprising: a first substrate and a second substrate processed for vertical alignment, 
td a hqufd Tcrystal having a negative anisotropic dielectric constant and being sandw.ched between said first and 

orientations of said liquid crystal layer being vertical to said first and second substrates when 
no voTage being applied, being almost horizontal to said first and second substrates when a predetermmed I voltage 
oeing Sied and being oblique to said first and second substrates when an intermediate voltage lower than the 
predetermined voltage being applied, 

said first and second substrates comprising first and second domain regulating means for regulating azimuths 
45 of the oblique orientations of said liquid crystal; u,t„;„ a ♦;■•=» 

sa d first domain regulating means includes af irst array of protrusions (walls) each extending straightly in a fret 
dSn said protrusionslre arranged in parallel to one another with a ^^^,£^2^^ 
said second domain regulating means includes a second array of protrusions or slits each extending s tra ighUy 
fn a second direction different from the first direction, said protrusions or slits are arranged .n parallel to one 
so another with a predetermined second pitch among them. 

114 A licuid crystal-display device according to claim 113. wherein additional protrusions or slits are further provided at 
centers oHrames^hich are formed when vertically seen to the substrates by said first array of protrusions and sa,d 
second array of protrusions or slits, on either of said first or second substrate. 

55 1 1 5.A liquid crystal display device according to claim 1 1 4. wherein said additional protrusions or slits have figures sim- 
ilar to the frames. 
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1 16.A liquid crystal display device according to claim 113. wherein said first array of, protrusions and said second array 
of protrusions or slits are crossed at right angle when vertically seen to the substrates. 

predetermined voltage being applied, 

said first and second substrates comprising first and second domain regulating means for regulating azimuths 
^Sn^^^K -y of protrusions (banKs) or depressions (grooves, or slits 
eai SendTng in a direction and being bent in zigzag at intervals of a predetermined cycle. said protrus.ons 
or deo^SoJ are arranged in parallel to one another with a predetermined p.tch among them; 
secSd d^mafn regulating means includes an array of protrusions or depressions or s ts each extending in 
SfrectTand'being bent in zigzag at intervals of said predetermined I cycle. sa,d protrus.ons. depresses 
or slits are arranged in parallel to one another with said predeterm.ned pitch among them. 

S o 1 18.A liquid crystal display device according to claim 1 17, wherein said predetermined pitch is an integral submultip.e 
of said pixels. 

119.A liquid crystal disp.ay device according to claim 117, wherein said predetermined cycle is an integra. submultip.e 

of said pixels. 

120 A liquid crystal display device according to claim 1 1 7, wherein said protrusions or depressions or slits of said first 
and secons substrates are offset by a half of said predetermined pitch. 

121 A liquid crystal display device, characterized by comprising: 

stid liqui^ysta 1% aVe nearly oblique when a voltage being less than a predeterm.ned vortage is applied 
across sSd7quid crystal, and in which domain regulating means consisting of one of or a combinatjonof pro- 
TuSns depressions and slits formed in electrodes is provided on a surface of at leas one of sai I two sub^ 
sSe an iTn wNch when a voltage being less than the predetermined voltage is applied across sa.d liquid 
cr^ta. sai^ ^lio^id crystal is regu.aL so that the oblique alignment is caused in a plurality of directions ,n each 

£ and second polarizing plates placed at both sides of safci liquid crystal pane, so that absorption axes 

a, o^ortoroHhe sKies i «* I liquid crystal panel, and between said liquid crystal panel and the other 
thereof. 

122.A liquid crystal display device, characterized by comprising: 
, liquid W » P.ne, in «Nch a 
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lirJndT^d^arizing plates placed at both sWes o, said liquid crystal pane, so that absorption axes 

thereof intersect with each other at right angles; and Himrtion nf «hickness 

at least one of phase difference films each having optically negative uniaxiality in a d.rec tion °' ^.ckness 
fhrerf placed in at least one of spaces formed between said liquid crystal panel and one of said first and sec- 

SiSS^ p- wed at ° ne ° r both of the sides of said liquid crystal pane1, and 

said liquid crystal panel and the other thereof. 

123. A liquid crystal display device, characterized by comprising: 

M a liauid crystal panel in which a liquid crystal having a negative dielectric constant anisotropy is sandwiched 

hi^^StSrates namely upper and lower substrates on the surfaces of which a vertical alignment 

^S^S^^^^^ <* said liquW crystal are nearly vertical ,0 said ,^ bstra,es 

^rTvSSeSJS ed across said liquid crystal, and are nearly horizontal when a voltage « applied across 
Sd liquid cfystal. and are nearly oblique when a voltage being less than a predetermined voltage . * ^PP. ed 
across said liquid crystal, and in which domain regulating means consisting of one of or a combination of pro- 
Surns deSsions and slits formed in electrodes is provided on a surface of at least one of said two sub- 
Se L in which when a voltage being less than the predetermined voltage is applied across sa.d liquid 
crjsJal said ^liquid crystal is regulated so that the oblique alignment is caused in a plurahty of directions m each 

first and second polarizing plates placed at both skies of said liquid crystal pane, so that absorption axes 

IZ sakj5r« [polarizing plate so that a phase lag axis thereof intersects with the absorption axis of sa,d f,s. 

TicoX^S^ having opticany negative uniaxiality in a direction of thickness thereof, placed 
between said liquid crystal panel and said second polarizing plate. 

124. A liquid crystal display device, characterized by comprising: 

a liouid crystal panel in which a liquid crystal having a negative dielectric constant anisotropy is sandwiched 
VSZL ^tw^LSates naLly upper and lower substrates on the surfaces of which a verfcca ( . alignment 
Smentr P eSormed. and in which orientations of said liquid crystal are nearly vertical alignment to sarieub- 
strati len no v 0 iSe is applied across said liquid crystal, and are nearly horizontal when a vottage us 
S S across i"d quid crysSl, and are nearly oblique when a voltage being less than a predetermined volt- 
aafifapS aaosi said liquid crystal, and in which domain regulating means consisting of one of or a corn- 
bfna on " protrusions, depressions and slits formed in electrodes is provided on a surface of aUeatf one of 
Sd Z substrate and in which, when a voltage being less than the P'-^'*^; , V^ , 3^ 
laid liquid crystal, said liquid crystal is regulated so that the oblique alignment is caused in a plurality of direc 

fi^Teco^Polarizing plates placed at both sides of said liquid crystal pane, so that absorption axes 

I^aS^S Sg^Kranepositive uniaxiaH.y. p-aced between said liquid crystal pane, 
^t2!!!!!SS!^ so tha't a phase" lag axis thereof ***** with the absorption axis of said first 

optically negative uniaxiality in a direction of thickness thereof, placed 
between said first phase difference film and said first polarizing plate. 

125. A liquid crystal display device, characterized by comprising: 

a liauid crystal panel in which a liquid crystal having a negative dielectric constant anisotropy is »^wdied 

S ifaoo i^ ^aaos s^d I S d crystal, and in which domain regulating means consisting of one of or a com- 
S^SS^^^^ and slits formed in e.ectrodes is provided on a surface of at M one* 
^SZ substrate and in which, when a vo.tage being less than the predetermined voltage is applied across 
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said liquid crystal, said liquid crystal is regulated so that the oblique alignment is caused in a plurality of direc- 

^Tand^o^rpolarizing plates placed at both sides of said liquid crystal panel so that absorption axes 
thpreof intersect with each other at right angles; * , t 

aShase cSrencJ f ilm having optically inplane positive uniaxiality, placed between sa,d liquid crystal pane 
JTJS^vLu* Plate so that a phase lag axis thereof intersects with the absorpt,on ax,s of sa,d f,st 

T^X^^^W «*»»» ^ ™ ali * in 3 dirSCti0n ° f ,hiCkn6SS there °'' P ' aCed 
between said liquid crystal panel and said first polarizing plate. 

io . . 

126. A liquid crystal display device, characterized by comprising: 

a liquid crystal panel in which a liquid crystal having a negative dielectric constant an isot ropy * ^cted 
beSen two substrates, namely, upper and lower substrates on the surfaces of which a vertical alignment 
SmentTs performed, and in which orientations of said liquid crystal are nearly vertical ahgnment to said sub- 
s'aS when no voltage is applied across said .iquid crystal, and are nearly horizontal when a voUage rs 
Sp ied across iid liqSd crytfal. and are nearly oblique when a voltage being less than a predetermined volt- 
age -pp i^ross'said liquid crystal, and in which domain regulating means consisting , of one o or * . com- 
bination of protrusions, depressions and slits formed in electrodes is provided on a surface of at least one of 
sLid Z suosuate and in which, when a voltage being less than the predetermined vohage ,s app.iec across 
said ijid crystal, said liquid crystal is regulated so that the oblique alignment is caused ,n a plural.ty of d-rec- 

!S\ i nTsl F nd e po.arizing plates p.aced at both sides of said liquid crystal pane, so that absorption axes 

thereof intersect with each other at right angles; 

a. leSt one of phase difference films, whose inp.ane dielectric constantes n, and n and n 
in a direction of thickness thereof have the following relation: n x . n y 2 n z , which ,s placed in at least one of 
spaces between said liquid crysta. panel and one of said first and second polarizing plates and between said 
liquid crystal panel and the other thereof. 

30 127.A liquid crystal display device, characterized by comprising: 

a liauid crystal panel in which a liquid crystal having a negative dielectric constant anisotropy is sandwiched 
SeSen E subst^es, namely, upper and lower substrates on the surfaces of which a vertical alignment 
SmentTs performed, and in which orientations of said liquid crystal are nearly vertical al ignment tow^ 
strateTwhen no voltage is applied across said liquid crystal, and are nearly horizontal when a voHage ,s 
aSS across Lid liquid crystal, and are nearly oblique when a voltage being less than a predetermined vo - 
ifapo Saaoss said liquid crystal, and in which, when a voltage being less than the predetermined volt- 
age IS SppllS acrost said liquid crystal, sad .iquid crystal is regulated so that the oblique alignment .s caused 
in a olurality of directions in each pixel; 

l?rst and sLnd polarizing plates placed at both sides of said liquid crysta. pane, so that absorption axes 
thereof intersect with each other at right angles; and „ )l .,c l ™ n i«ip« 
at least one phase difference film having optically inplane positive uniaxiality. placed in at least one of spaces 
formS bel^eS said .iquid crysta. panel and one of said first and second polarizing plates, wh.ch are preyed 
at onTorToth of the sides of said liquid crysta. panel, and between said liquid crystal panel and the other 
thereof. 

128.A liquid crystal display device, characterized by comprising: 

a liquid crystal panel in which a liquid crystal having a negative dielectric constant anisotropy is nrMed 
b2een twVsubstrates. namely, upper and lower substrates on the surfaces of wh.ch a vertical alignment 
SSmentVperformed, and in which orientations of said liquid crystal are nearly vertical alignment to said sub- 
lETSino^e is applied across said liquid crystal, and are nearly horizontal when a voimge is 
aDoS across Lid liquid crystal, and are nearly oblique when a voltage being less than a prede ermined vo - 
aae ifapo ^aaoss said liquid crystal, and in which, when a voltage being less than the predetermined volt- 
age Is apS acrSs said liquid crystal, said liquid crystal is regulated so that the oblique alignment is caused 

«, both sides of said liquid crysta, pane, so that absorption axes 
thereof intersect with each other at right angles; and 
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at least one of phase difference films each having optically negative uniaxiality in a direction of thickness 
thereof, placed in at least one of spaces formed between said liquid crystal panel and one of said first and sec- 
ond polarizing plates, which are provided at one or both of the sides of said liquid crystal panel, and between 
said liquid crystal panel and the other thereof. 

5 

1 29.A liquid crystal display device in which negative-type liquid crystals are held between two pieces of upper and lower 
substrates of which the surfaces are vertically oriented, said liquid crystals are oriented nearly vertically when no 
voltage is applied, oriented nearly horizontally when a predetermined voltage is applied, and are oriented aslant 
when a voltage smaller than said predetermined voltage is applied, wherein one of said two pieces of color filter 
10 substrates comprises: 

a transparent support member; 

plural kinds of color decomposition filters formed on said transparent support member for each of the regions; 
a transparent electrode formed on said color decomposition filters; and 
75 a light-shielding film formed at any position on said transparent electrode. 

130 A liquid crystal display device in which negative-type liquid crystal is held between an upper and lower substrates 
of which the surfaces are vertically oriented, said liquid crystal is oriented nearly vertically when no voltage is 
applied, oriented nearly horizontally when a predetermined voltage is applied, and are oriented aslant when a volt- 
age smaller than said predetermined voltage is applied, wherein a molar mixing ratio of contamination elements of 
polyurethane and skin mixed to the liquid crystal is less than 1/1000. 

131 .A liquid crystal display device according to claim 130, wherein each contamination element of the mixed poly- 
urethane or skin has an area smaller than 5 jim x by 5 um. 

1 32.A process for producing a substrate for vertically oriented liquid crystal display having, on the surface thereof, a pro- 
trusion that works as a domain regulating means to so restrict that said liquid crystals are oriented in a plurality of 
aslant direction in each pixel when a voltage smaller than a predetermined voltage is applied, comprising: 

a step of forming a protrusion after electrodes have been formed on the surface of said substrate; 
a step of treating the surface of said protrusion to facilitate the formation of a vertical alignment film; and 
a step of forming a vertical alignment film on the surface of said substrate on which the electrodes have been 
formed, of which the surface has been treated, and which includes said protrusion. 

1 33 A process for producing a substrate for vertically oriented liquid crystal display according to claim 132. wherein rug- 
gedness is formed on the surface of said protrusion by a plasma ashing treatment in the step of treating the surface 
of said protrusion. 

1 34 A process for producing a substrate for vertically oriented liquid crystal display according to claim 1 32, wherein rug- 
gedness is formed on the surface of said protrusion by an ozone ashing treatment in the step of treating the surface 
of said protrusion. 

1 35 A process for producing a substrate for vertically oriented liquid crystal display according to claim 1 32, wherein rug- 
gedness is formed on the surface of said protrusion by washing with a brush in the step of treating the surface of 

45 said protrusion. 

1 36 A process for producing a substrate for vertically oriented liquid crystal display according to claim 1 32, wherein rug- 
gedness is formed on the surface of said protrusion by rubbing in the step of treating the surface of said protrusion. 

so 1 37 A process for producing a substrate for vertically oriented liquid crystal display according to claim 132, wherein said 
protrusion is irradiated with ultraviolet rays in the step of treating the surface of said protrusion. 

138 A process for producing a substrate for vertically oriented liquid crystal display according to claim 132, wherein 
silane coupling agent is coated onto the substrate on which said protrusions are formed in the step of treating the 
55 surface of said protrusions. 

139.A process for producing a substrate for vertically oriented liquid crystal display according to claim 1 32, wherein said 
protrusions are treated to foam in the step of treating the surface of said protrusions. 
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1 40 A process for producing a substrate for vertically oriented liquid crystal display according to claim 1 39, wherein said 
substrate is rapidly heating so that said protrusions foam in the step of treating the surface of said protrusions. 

141 .A process for producing a substrate for vertically oriented liquid crystal display having, on the surface thereof, pro- 
trusions that work as domain regulating means to regulate azimuths of orientations of said liquid crystal when mol- 
ecules of said liquid crystal are tilted by applying a voltage is applied, comprising: 

a step of coating resin after electrodes are formed on the surface of the substrates; 
a step of scattering particulates on the surface of the resin; 
a step of forming the resin into protrusions; and 

a step of forming a vertical alignment film on the surface of said substrate on which the electrodes and the pro- 
trusions have been formed. 

142 A process for producing a substrate for vertically oriented liquid crystal display having, on the surface thereof, walls 
that work as domain regulating means to regulate azimuths of orientations of said liquid crystal when molecules of 
said liquid crystal are tilted by applying a voltage is applied, comprising: 

a step of forming sets of two walls neighboring to each other; 

a step of heating said two walls to be fused into one wall having a groove at center thereof; and 
a step of forming a vertical alignment film on the surface of said substrate on which the electrodes and the pro- 
trusions have been formed. 

143 A process for producing a color filter substrate that is used as one of the two pieces of substrates for a liquid crystal 
display device in which liquid crystals are oriented nearly vertically when no voltage is applied, oriented nearly hor- 
izontally when a predetermined voltage is applied, and are oriented oblique when a voltage smaller than said pre- 
determined voltage is applied, said color filter substrate having plural kinds of color decomposition filters formed on 
a transparent support member for each of the regions, comprising: 

a step of successively forming two or more color decomposition filters while superposing predetermined por- 
tions one upon the other among said plural kinds of color decomposition filters; 

a step of applying a positive-type photosensitive resin; and ..... 
a step of developing said negative-type photosensitive resist after said positive-type photosensitive resist is 
exposed through said colored members, to light with which said positive-type photosensitive resist is photo- 
sensitized, said light having a wavelength that transmits very less through the portion where said two or more 
color decomposition filters are superposed than through other portions. 

144. A process for producing a color filter substrate according to claim 143, further comprising a step of forming a trans- 
parent and flat layer after said plural kinds of color decomposition filters have been formed. 

145. A process for producing a color filter substrate according to claim 143, wherein said positive-type photosensitive 
resist has light-shielding property. 

146 A process for producing a color filter substrate that is used as one of the two pieces of substrates for a liquid crystal 
display device in which liquid crystals are oriented nearly vertically when no voltage is applied, oriented nearly hor- 
izontally when a predetermined voltage is applied, and are oriented aslant when a voltage smaller than said prede- 
termined voltage is applied, said color filter substrate having plural kinds of color decomposition filters formed on a 
transparent support member for each of the regions, comprising: 

a step of forming plural kinds of color decomposition filters on the transparent support member for each of the 

regions; . . 

a step of forming a transparent electrode on said color decomposition filters; and 

a step of forming a light-shielding film at any position on said transparent electrode. 

147.A process for producing a color filter substrate according to claim 146, wherein said step for forming the light- 
shielding film comprises: 

a step of applying a photosensitive resist onto said light-shielding film which includes said transparent elec- 
trode; 
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a step of etching said photosensitive resist after it has been developed by exposure to light through a prede- 
termined pattern; and 

a step of annealing said photosensitive resist that is left on said light-shielding film after the etching; 

wherein said photosensitive resist left on said light-shielding film works as an insulating protrusion. 

148.A process for producing a color filter substrate according to claim 146. further comprising: 

a step of applying a positive-type photosensitive resist onto said transparent electrode which includes said 
light-shielding film after the step of forming said light-shielding film; 

a step of developing said negative-type photosensitive resist after said negative-type photosensitive resist has 
been exposed to light through said light-shielding film; and 

a step of annealing said photosensitive resist that is left on said light-shielding film after the developing; 
wherein said photosensitive resist left on said light-shielding film works as an insulating protrusion. 
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